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1. Introduction

During the Sorrento meeting preliminary decisions were reached concerning the format and content of PDCCH messages in [1] and blind detection in [2]. Formats were defined for these message types:
	PDCCH message
	Purpose
	Bits

	Format 0
	Uplink grant
	43

	Format 1
	Downlink assignment, SIMO and TxD
	55

	Format 1A
	Compact downlink assignment, SIMO and TxD
	44

	Format 2
	Downlink assignment, SU-MIMO
	71

	Format 3, 3A
	TPC channel
	43


Table 1. PDCCH formats
When single-user multiple-input multiple-output (SU-MIMO) transmission is employed, the parameter set is greatly increased in order to convey many additional parameters needed for multiple codewords and MIMO precoding. Therefore the MIMO downlink assignment requires substantially more bits than one used for non-MIMO transmissions.

Additionally, when multiple-user multiple-input multiple-output (MU-MIMO) transmission is employed, the parameter set can be smaller than that required for SU-MIMO because only one codeword is used for MU-MIMO whereas two codewords can be used for SU-MIMO. Also, when only one layer is used in SU-MIMO, the parameter set can also be smaller than the case of multiple layers because only one codeword is used. Similarly, when open-loop SU-MIMO is used the number of message bits required is reduced 
Therefore, there exist opportunities to reduce signaling overhead by using one or more additional MIMO downlink assignment formats. However, one must consider if there is increased user terminal complexity caused by any blind format detections required by these additional formats. Another consideration is the need for additional equipment testing as a result of each additional downlink assignment format. 

In this document we describe optional PDCCH MIMO formats that may be used in combinations to reduce downlink assignment signaling overhead.

2. Possible PDCCH formats for MIMO downlink assignments 

The use of MIMO transmission results in larger downlink assignment messages than SIMO or transmit diversity, increasing signaling overhead. Table 2 and Table 3 show the current downlink assignment formats for non-MIMO and MIMO downlink assignments, respectively. Note that the MIMO downlink assignment contains 71 bits which is 29% more message bits than the non-MIMO downlink assignment, which contains 55 bits.

	Resource allocation header
	1

	RB allocation
	25

	MCS
	5

	Hybrid ARQ process number
	3

	New data indicator
	1

	Redundancy version
	2

	TPC
	2

	RNTI / CRC
	16

	
	

	Total
	55


Table 2. Format for non-MIMO downlink assignment
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Table 3. Format for SU-MIMO downlink assignment

2.1. PDCCH format for 2Tx MIMO 

First we consider other possible MIMO downlink assignment formats that require fewer message bits than that of Table 3, which supports the maximum number of base station antennas, which is four. Another possible base station antenna configuration is two antennas. Table 4 shows a downlink assignment format for a two-antenna configuration. Fewer message bits are needed because of there being only two layers rather than four and also a reduced precoding matrix set. (Note that the precoding confirmation is included in the 3 bits used to signal the precoding matrix info.) The additional format would increase testing requirements but it would not add to UE complexity because the number of antennas is already known to the UE, so additional blind detections are not needed. 
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Total 68


Table 4. Format for SU-MIMO downlink assignment for two antennas
2.2. PDCCH format for MU-MIMO 

Next a MU-MIMO downlink assignment format that requires fewer message bits than that of full SU-MIMO is shown in Table 5. Only a single codeword is used. Also, layer information is not needed because it can be combined with the precoding bits [3]. (When the precoding confirmation bit is positive the precoding bits signal the vectors used by the other UEs; when the precoding confirmation bit is negative the precoding bits can signal the index of the precoding vector to be used.) The result is a message size of 59 bits which is a 17% reduction compared with the full SU-MIMO format of Table 3. Therefore there is a signaling overhead argument favoring using an additional format to support the MU-MIMO mode. Although this would increase testing requirements it would not add to user terminal complexity. This is because the MIMO mode is already known to the user terminal via higher-layer signaling, so additional blind detections are not needed.
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Table 5. Format for MU-MIMO downlink assignment
2.3. PDCCH format for Open-Loop SU-MIMO 
Another mode that must be considered is open-loop SU-MIMO [4]. In this case the MCS for the 2nd transport block is not needed, nor is the precoding information. Additional blind detections are not needed because the MIMO mode is already known to the user terminal via higher-layer signaling.
The format is shown in Table 6. This saves 10 bits which is a 16% reduction in signaling overhead compared with the full SU-MIMO format 2 of Table 3.
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Table 6.  Format for Closed-Loop SU-MIMO downlink assignment
2.4. PDCCH format for SU-MIMO with a single codeword 

When only one layer is used in SU-MIMO, the parameter set can also be smaller than the case of multiple layers because only one codeword is used. In fact an SU-MIMO downlink assignment format for the case of one layer, shown in Table 7, requires only 60 bits. The additional bit as compared with the MU-MIMO format is due to the larger precoding matrix size for the case of four-antenna SU-MIMO.


[image: image5.emf]Resource allocation header 1

RB allocation 25

TPC 2

MCS, first transport block 5

Hybrid ARQ process number 3

New data indicator (1st TB) 1

Redundancy version (1st TB) 2

Precoding information 4

Precoding confirmation 1

RNTI / CRC 16

Total 60


Table 7. Format for SU-MIMO downlink assignment for single codeword
Considering that there is only a two-bit difference between the downlink assignment formats for single-codeword open-loop SU-MIMO, closed-loop SU-MIMO and MU-MIMO, an option to reduce signaling overhead without adding too many formats would be to have a single 61-bit downlink assignment format for those three cases, where one or two bits would be unused for the MU-MIMO case. This would still require only one additional format, since the MIMO mode is known semi-statically. However, it would require blind detection to distinguish between one or more layers because the user terminal has no advanced knowledge as to the number of codewords it will be allocated by the network. If the need for additional blind detections are unacceptable, then a single 61 bit format for open-loop SU-MIMO and MU-MIMO could be used.
2.5. PDCCH format for SU-MIMO with 2Tx and 2 codewords

If such a single format for single-codeword open-loop SU-MIMO, closed-loop SU-MIMO and MU-MIMO were used, then there can be further reductions in signaling message bits for the case of two-codeword, two-antenna SU-MIMO. This is because bits to convey the layer are not needed and fewer bits are needed to convey the precoding confirmation plus precoding information. The resulting format, shown in Table 8, requires 66 bits which is 8% less than the four-antenna case of Table 3. While this adds another format to test it does not increase complexity because the number of antennas is known by other means.
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Table 8. Format for SU-MIMO downlink assignment for two antennas and two codewords

3. Possible combinations of PDCCH formats for MIMO 
Considering all these additional possible formats leads to the following set of nine options, listed in order of relative approximate average signaling overhead. Other optional combinations are possible. A more exact overhead analysis requires estimates of the relative usages of SU vs. MU-MIMO, closed-loop vs. open-loop SU-MIMO, and single vs. multiple codewords for SU-MIMO. Generally reduced overhead comes at the expense of increased formats, blind detection or both. At this time we do not have a strong preference for any one option, but option 5 looks like a reasonable compromise. Option 5 adds two additional formats but doesn’t require blind detection. The number of new formats can be reduced to one if a format covering both OL SU-MIMO and MU-MIMO is adopted at the expense of somewhat higher overhead (3%) for MU-MIMO.
	OPTION
	DESCRIPTION OF MIMO FORMATS
	BITS
	RELATIVE OVERHEAD
	AVERAGE  OVERHEAD
	BLIND DET.

	1
	One format for both SU and MU-MIMO
	71
	100%
	highest
	0

	2
	SU-MIMO
	71
	100%
	high
	0

	
	MU-MIMO
	59
	83%
	
	

	3
	4Tx SU-MIMO 
	71
	100%
	less high
	0

	
	2Tx SU-MIMO 
	68
	96%
	
	

	
	MU-MIMO
	59
	83%
	
	

	4
	2 CW CL SU-MIMO 
	71
	100%
	medium-high
	1

	
	1 CW CL SU-MIMO, OL SU-MIMO & MU-MIMO
	61
	86%
	
	

	5
	CL SU-MIMO 
	71
	100%
	medium
	0

	
	OL SU-MIMO 
	61
	86%
	
	

	
	MU-MIMO
	59
	83%
	
	

	6
	4Tx CL SU-MIMO 
	71
	100%
	medium-low
	0

	
	2Tx CL SU-MIMO 
	68
	96%
	
	

	
	OL SU-MIMO & MU-MIMO  
	61
	86%
	
	

	7
	4Tx CL SU-MIMO 
	71
	100%
	medium-lower
	0

	
	2Tx CL SU-MIMO 
	68
	96%
	
	

	
	OL SU-MIMO 
	61
	86%
	
	

	
	MU-MIMO
	59
	83%
	
	

	8
	4Tx, 2CW CL SU-MIMO 
	71
	100%
	lower
	1

	
	2Tx, 2CW CL SU-MIMO 
	66
	93%
	
	

	
	1 CW CL SU-MIMO, OL SU-MIMO & MU-MIMO
	61
	86%
	
	

	9
	4Tx, 2 CW CL SU-MIMO 
	71
	100%
	lowest
	1

	
	2Tx, 2 CW CL SU-MIMO 
	66
	93%
	
	

	
	OL SU-MIMO 
	61
	86%
	
	

	
	4TX, 1 CW CL SU-MIMO  
	60
	85%
	
	

	
	2TX, 1 CW CL SU-MIMO & MU-MIMO 
	59
	83%
	
	


4. Summary
We presented a number of possible PDCCH formats for various MIMO cases including 

· 4Tx, 2 CW CL SU-MIMO 

· 2Tx, 2 CW CL SU-MIMO 

· 4TX, 1 CW CL SU-MIMO  

· 2TX, 1 CW CL SU-MIMO

· MU-MIMO

· OL SU-MIMO 
We also showed how these formats can be combined to reduce overall downlink signaling overhead at the expense of more format testing and/or added UE complexity.
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Discussion Moderator (Ericsson)



Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		44

		Format 1		55

		Format 1A		43								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		60		4		1		SU

		Format 2B		68		2		2		SU

		Format 2C		59		2		1		SU

		Format 4		59		2 or 4		1		MU

		Format 3, 3A		44								Payload size should match format 0





Format 0

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1				Frequency hopping on/off

		RB assignment		13

		MCS		5

		Retransmission sequence number (RSN)		2		1-3 from Athens

		TPC		2				Power control of PUSCH

		Cyclic shift for DMRS		3				FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0				Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0				Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		44

		Open issues (not yet decided upon)

		SRS use indicator		2				Indicates whether subframe with SRS is occupied or not

		ACK reservation on PUSCH		1				Indicates that space should be reserved on PUSCH for ACK/NAK

		UL index (FDD)		?





Format 1

		Field		Bits				Comment

		Distributed transmission flag		0				Removed  in Sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25				All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		Retransmission sequence number (RSN)		3		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		55

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)





Format 1A

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1				FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3				(4 bits for TDD)

		Retransmission sequence number (RSN)		2		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		43

		Open issues

		Precoding matrix		2-4				Number of bits selected to match format 0. Only for multi-antenna eNodeB

		Codeword indicator		1				Only if 1A supports MIMO

		Can the number of bits for MCS be reduced (cell-edge UEs might be the main reason for format 1A)?





Format 2

		Field		Bits		Range		Comment

		Distributed transmission flag		0				removed in sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		2				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), first transport block		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), second transport block		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2A

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2B

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		1				1,2 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		0				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		68

		Number of antenna ports		2

		Number of layers		2

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2C

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		Number of antenna ports		2

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 3

		Field		Bits				Comment

		TPC bitmap		28

		RNTI / CRC		16

		Total		44





Format 4

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				included in precoding information

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Formats 1 & 2B

		Format 1						Format 2B

		Distributed transmission flag		1				Distributed transmission flag		1

		Resource allocation header		1				Resource allocation header		1

		RB allocation		25				RB allocation		25

		MCS		5				MCS, first transport block		5

		Hybrid ARQ process number		3				Hybrid ARQ process number		3

		Retransmission sequence number (RSN)		3				Retransmission sequence number (RSN), first transport block		3

		TPC		2				TPC		2

		Format (0,0,0)		3				Precoding information		3

		RNTI / CRC		16				RNTI / CRC		16

		Total		59				MCS, second transport block		0

								HARQ swap flag		0

								Retransmission sequence number (RSN), second transport block		0

								Number of layers		0

								Precoding confirmation		0

								Total		59

								Number of antenna ports		2

								Number of layers		1
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Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		44

		Format 1		55

		Format 1A		43								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		60		4		1		SU

		Format 2B		69		2		2		SU

		Format 2C		59		2		1		SU

		Format 4		59		2 or 4		1		MU

		Format 3, 3A		44								Payload size should match format 0





Format 0

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1				Frequency hopping on/off

		RB assignment		13

		MCS		5

		Retransmission sequence number (RSN)		2		1-3 from Athens

		TPC		2				Power control of PUSCH

		Cyclic shift for DMRS		3				FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0				Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0				Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		44

		Open issues (not yet decided upon)

		SRS use indicator		2				Indicates whether subframe with SRS is occupied or not

		ACK reservation on PUSCH		1				Indicates that space should be reserved on PUSCH for ACK/NAK

		UL index (FDD)		?





Format 1

		Field		Bits				Comment

		Distributed transmission flag		0				Removed  in Sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25				All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		Retransmission sequence number (RSN)		3		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		55

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)





Format 1A

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1				FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3				(4 bits for TDD)

		Retransmission sequence number (RSN)		2		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		43

		Open issues

		Precoding matrix		2-4				Number of bits selected to match format 0. Only for multi-antenna eNodeB

		Codeword indicator		1				Only if 1A supports MIMO

		Can the number of bits for MCS be reduced (cell-edge UEs might be the main reason for format 1A)?





Format 2

		Field		Bits		Range		Comment

		Distributed transmission flag		0				removed in sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		2				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), first transport block		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), second transport block		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2A

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		SU-MIMO 4Tx, 1 CW format

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60





Format 2B

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		1				1,2 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		69

		Number of antenna ports		2

		Number of layers		2

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		SU-MIMO 2TX & 2 Codewords

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding confirmation and information		2				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		66





Format 2C

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		Number of antenna ports		2

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 3

		Field		Bits				Comment

		TPC bitmap		28

		RNTI / CRC		16

		Total		44





Format 4

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				included in precoding information

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		MU-MIMO Format

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS		5

		Hybrid ARQ process number		3

		New data indicator		1				Toggled for each new transport block

		Redundancy version		2

		Precoding information		3				Precoding matrix and number of UEs

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59





Formats 1 & 2B

		Format 1						Format 2B

		Distributed transmission flag		1				Distributed transmission flag		1

		Resource allocation header		1				Resource allocation header		1

		RB allocation		25				RB allocation		25

		MCS		5				MCS, first transport block		5

		Hybrid ARQ process number		3				Hybrid ARQ process number		3

		Retransmission sequence number (RSN)		3				Retransmission sequence number (RSN), first transport block		3

		TPC		2				TPC		2

		Format (0,0,0)		3				Precoding information		3

		RNTI / CRC		16				RNTI / CRC		16

		Total		59				MCS, second transport block		0

								HARQ swap flag		0

								Retransmission sequence number (RSN), second transport block		0

								Number of layers		0

								Precoding confirmation		0

								Total		59

								Number of antenna ports		2

								Number of layers		1
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Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		43

		Format 1		55

		Format 1A		44								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		0		4		1		SU

		Format 2B		0		2		2		SU

		Format 2C		58		2		1		SU

		Format 4		0		2 or 4		1		MU

		Format 3, 3A		43								Payload size should match format 0





Format 0

		Field		Bits		Comment

		Format		1		Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1		Frequency hopping on/off

		RB assignment		13

		MCS		5

		New Data Indicator		1		Toggled for each new transport block

		TPC		2		Power control of PUSCH

		Cyclic shift for DMRS		3		FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0		Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0		Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		43





Format 1

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25		All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator		1		Toggled for each new transport block

		Redundancy version		2

		TPC		2		Power control of PUCCH

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		55





Format 1A

		Field		Bits		Comment

		Format		1		Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1		FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3		(4 bits for TDD)

		New data indicator		1		Toggled for each new transport block

		Redundancy version		2

		TPC		2		Power control of PUCCH

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		44





Format 2

		CL SU-MIMO

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		Number of layers		2		1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5		FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1		Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1		Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		4		Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1		Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4





Format 2A

		CL SU-MIMO 4Tx, 1 CW format

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		MCS, first transport block		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version (1st TB)		2

		Precoding information		4		Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1		Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1





Format 2B

		CL SU-MIMO 2TX & 2 Codewords

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		Number of layers		1		Not needed if blind format used

		MCS, first transport block		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5		FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1		Indicates whether the two transport blocks should be swapped before being fed to the soft buffers

		New data indicator (2nd TB)		1		Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3		Precoding matrix (2 bits for 2Tx).

		Precoding confirmation		0		Included in precoding matrix

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		68

		Number of antenna ports		2

		Number of layers		2





Format 2C

		CL SU-MIMO 2TX & 1 Codeword

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		Number of layers		0		1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version (1st TB)		2

		Precoding information		3		Precoding matrix (2 bits for 2Tx).

		Precoding confirmation		0		Included in precoding matrix

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		58

		Number of antenna ports		2

		Number of layers		1





Format 3

		Field		Bits				Comment

		TPC bitmap		27

		RNTI / CRC		16

		Total		43





Format 4

		MU-MIMO Format

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		MCS		5

		Hybrid ARQ process number		3

		New data indicator		1		Toggled for each new transport block

		Redundancy version		2

		Precoding information		3		Precoding matrix and number of UEs

		Precoding confirmation		1		Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		59





Format 5

		OPEN-LOOP MIMO

		Field		Bits		Comment

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		Number of layers		2		1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version (1st TB)		2

		HARQ swap flag		1		Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1		Toggled for each new transport block

		Redundancy version (2nd TB)		2

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		61

		OPEN-LOOP MIMO, 2TX

		Resource allocation header		1		Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2		Power control of PUCCH

		Number of layers		1		1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS		5

		Hybrid ARQ process number		3		3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1		Toggled for each new transport block

		Redundancy version, first transport block		2

		HARQ swap flag		1		Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1		Toggled for each new transport block

		Redundancy version, second transport block		2

		RNTI / CRC		16		16 bit RNTI implicitly encoded in CRC

		Total		60
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Outcome of offline discussions on PDCCH contents

Discussion Moderator (Ericsson)



Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		44

		Format 1		55

		Format 1A		43								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		60		4		1		SU

		Format 2B		69		2		2		SU

		Format 2C		59		2		1		SU

		Format 4		59		2 or 4		1		MU

		Format 3, 3A		44								Payload size should match format 0





Format 0

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1				Frequency hopping on/off

		RB assignment		13

		MCS		5

		Retransmission sequence number (RSN)		2		1-3 from Athens

		TPC		2				Power control of PUSCH

		Cyclic shift for DMRS		3				FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0				Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0				Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		44

		Open issues (not yet decided upon)

		SRS use indicator		2				Indicates whether subframe with SRS is occupied or not

		ACK reservation on PUSCH		1				Indicates that space should be reserved on PUSCH for ACK/NAK

		UL index (FDD)		?





Format 1

		Field		Bits				Comment

		Distributed transmission flag		0				Removed  in Sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25				All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		Retransmission sequence number (RSN)		3		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		55

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)





Format 1A

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1				FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3				(4 bits for TDD)

		Retransmission sequence number (RSN)		2		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		43

		Open issues

		Precoding matrix		2-4				Number of bits selected to match format 0. Only for multi-antenna eNodeB

		Codeword indicator		1				Only if 1A supports MIMO

		Can the number of bits for MCS be reduced (cell-edge UEs might be the main reason for format 1A)?





Format 2

		Field		Bits		Range		Comment

		Distributed transmission flag		0				removed in sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		2				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), first transport block		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), second transport block		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2A

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2B

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		1				1,2 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		69

		Number of antenna ports		2

		Number of layers		2

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2C

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		Number of antenna ports		2

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 3

		Field		Bits				Comment

		TPC bitmap		28

		RNTI / CRC		16

		Total		44





Format 4

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				included in precoding information

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		MU-MIMO Format

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS		5

		Hybrid ARQ process number		3

		New data indicator		1				Toggled for each new transport block

		Redundancy version		2

		Precoding information		3				Precoding matrix and number of UEs

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59





Formats 1 & 2B

		Format 1						Format 2B

		Distributed transmission flag		1				Distributed transmission flag		1

		Resource allocation header		1				Resource allocation header		1

		RB allocation		25				RB allocation		25

		MCS		5				MCS, first transport block		5

		Hybrid ARQ process number		3				Hybrid ARQ process number		3

		Retransmission sequence number (RSN)		3				Retransmission sequence number (RSN), first transport block		3

		TPC		2				TPC		2

		Format (0,0,0)		3				Precoding information		3

		RNTI / CRC		16				RNTI / CRC		16

		Total		59				MCS, second transport block		0

								HARQ swap flag		0

								Retransmission sequence number (RSN), second transport block		0

								Number of layers		0

								Precoding confirmation		0

								Total		59

								Number of antenna ports		2

								Number of layers		1
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Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		44

		Format 1		55

		Format 1A		43								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		60		4		1		SU

		Format 2B		68		2		2		SU

		Format 2C		59		2		1		SU

		Format 4		59		2 or 4		1		MU

		Format 3, 3A		44								Payload size should match format 0





Format 0

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1				Frequency hopping on/off

		RB assignment		13

		MCS		5

		Retransmission sequence number (RSN)		2		1-3 from Athens

		TPC		2				Power control of PUSCH

		Cyclic shift for DMRS		3				FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0				Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0				Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		44

		Open issues (not yet decided upon)

		SRS use indicator		2				Indicates whether subframe with SRS is occupied or not

		ACK reservation on PUSCH		1				Indicates that space should be reserved on PUSCH for ACK/NAK

		UL index (FDD)		?





Format 1

		Field		Bits				Comment

		Distributed transmission flag		0				Removed  in Sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25				All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		Retransmission sequence number (RSN)		3		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		55

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)





Format 1A

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1				FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3				(4 bits for TDD)

		Retransmission sequence number (RSN)		2		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		43

		Open issues

		Precoding matrix		2-4				Number of bits selected to match format 0. Only for multi-antenna eNodeB

		Codeword indicator		1				Only if 1A supports MIMO

		Can the number of bits for MCS be reduced (cell-edge UEs might be the main reason for format 1A)?





Format 2

		Field		Bits		Range		Comment

		Distributed transmission flag		0				removed in sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		2				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2A

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2B

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		68

		Number of antenna ports		2

		Number of layers		2

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2C

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		Number of antenna ports		2

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 3

		Field		Bits				Comment

		TPC bitmap		28

		RNTI / CRC		16

		Total		44





Format 4

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				included in precoding information

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Formats 1 & 2B

		Format 1						Format 2B

		Distributed transmission flag		1				Distributed transmission flag		1

		Resource allocation header		1				Resource allocation header		1

		RB allocation		25				RB allocation		25

		MCS		5				MCS, first transport block		5

		Hybrid ARQ process number		3				Hybrid ARQ process number		3

		Retransmission sequence number (RSN)		3				Retransmission sequence number (RSN), first transport block		3

		TPC		2				TPC		2

		Format (0,0,0)		3				Precoding information		3

		RNTI / CRC		16				RNTI / CRC		16

		Total		59				MCS, second transport block		0

								HARQ swap flag		0

								Retransmission sequence number (RSN), second transport block		0

								Number of layers		0

								Precoding confirmation		0

								Total		59

								Number of antenna ports		2

								Number of layers		1






_1266924923.xls
Cover sheet

		



R1-081102

Outcome of offline discussions on PDCCH contents

Discussion Moderator (Ericsson)



Summary

		Parameter		Value		Antennas		Codewords		MIMO

		N^DL_RB		100

		N^UL_RB		100

		Duplex		FDD

		Number of antenna ports		4

		PDCCH size		Bits

		Format 0		44

		Format 1		55

		Format 1A		43								Payload size should match format 0

		Format 2		71		4		2		SU

		Format 2A		60		4		1		SU

		Format 2B		69		2		2		SU

		Format 2C		59		2		1		SU

		Format 4		59		2 or 4		1		MU

		Format 3, 3A		44								Payload size should match format 0





Format 0

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Hopping flag		1				Frequency hopping on/off

		RB assignment		13

		MCS		5

		Retransmission sequence number (RSN)		2		1-3 from Athens

		TPC		2				Power control of PUSCH

		Cyclic shift for DMRS		3				FFS if always present or not (may depend on design of format 1A)

		Tx antenna selection		0				Not present for Ues not supporting UL TX antenna switching. FFS if additional format needed in case of antenna switching being supported

		UL index (TDD only)		0				Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD. The size may depend on the UL/DL allocation.

		CQI request		1

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		44

		Open issues (not yet decided upon)

		SRS use indicator		2				Indicates whether subframe with SRS is occupied or not

		ACK reservation on PUSCH		1				Indicates that space should be reserved on PUSCH for ACK/NAK

		UL index (FDD)		?





Format 1

		Field		Bits				Comment

		Distributed transmission flag		0				Removed  in Sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25				All information necessary for type 1 included in this field

		MCS		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		Retransmission sequence number (RSN)		3		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		55

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)





Format 1A

		Field		Bits				Comment

		Format		1				Uplink grant or downlink assignment (Flag for format0/format1A differentiation)

		Distributed transmission		1				FFS if needed or included in RB assignment

		RB assignment		13

		MCS		5

		Hybrid ARQ process number		3				(4 bits for TDD)

		Retransmission sequence number (RSN)		2		2-3

		TPC		2				Power control of PUCCH

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		43

		Open issues

		Precoding matrix		2-4				Number of bits selected to match format 0. Only for multi-antenna eNodeB

		Codeword indicator		1				Only if 1A supports MIMO

		Can the number of bits for MCS be reduced (cell-edge UEs might be the main reason for format 1A)?





Format 2

		Field		Bits		Range		Comment

		Distributed transmission flag		0				removed in sorrento

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		2				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), first transport block		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Retransmission sequence number (RSN), second transport block		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		71

		Number of antenna ports		4

		Number of layers		4

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2A

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1,2,3,4 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60

		Number of antenna ports		4

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		SU-MIMO 4Tx, 1 CW format

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		Precoding information		4				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		60





Format 2B

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		1				1,2 layers. Number of bits depend on the number of Tx antennas? (2 for 4Tx, 0 otherwise?)

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		5				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		1				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		New data indicator (2nd TB)		1				Toggled for each new transport block

		Redundancy version (2nd TB)		2

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		69

		Number of antenna ports		2

		Number of layers		2

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 2C

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				1 layer.

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		Number of antenna ports		2

		Number of layers		1

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO





Format 3

		Field		Bits				Comment

		TPC bitmap		28

		RNTI / CRC		16

		Total		44





Format 4

		Field		Bits		Range		Comment

		Distributed transmission flag		0				Indicates whether distributed transmission is used or not

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		Number of layers		0				included in precoding information

		MCS, first transport block		5

		Hybrid ARQ process number		3				3 for FDD, max 4 for TDD

		New data indicator (1st TB)		1				Toggled for each new transport block

		Redundancy version (1st TB)		2

		MCS, second transport block		0				FFS if possible to reduce to 3 bits by interpretation together with MCS for first CW.

		HARQ swap flag		0				Indicates whether the two transport blocks should be swapped before being fed to the soft buffers (for the two transport blocks)

		Retransmission sequence number (RSN), second transport block		0

		Precoding information		3				Precoding matrix (4 bits for 4Tx, 1-3 bits for 2Tx). FFS if this field can be removed and semi-static configuration is used instead.

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59

		The above list assumes closed loop MIMO. FFS how to handle open loop MIMO, e.g. separate format (format 4).

		Open issues

		Remove distributed transmission flag? (To be decided in VRB session)

		Is number of layers signaled for 2Tx base stations or implicilty derived from the format used?

		Possiblity to reduce number of bits for MCS (first CW) in case of two-codewrod transmission.

		MU-MIMO

		MU-MIMO Format

		Resource allocation header		1				Indicates allocation type 0 or 1 (type 2 uses payload A, same as UL)

		RB allocation		25

		TPC		2				Power control of PUCCH

		MCS		5

		Hybrid ARQ process number		3

		New data indicator		1				Toggled for each new transport block

		Redundancy version		2

		Precoding information		3				Precoding matrix and number of UEs

		Precoding confirmation		1				Indicates the eNB followed the UE PMI recommendation. 2Tx: this information is coded together with the precoding matrix; 4Tx: FFS if this can be coded together with the precoding matrix field.

		RNTI / CRC		16				16 bit RNTI implicitly encoded in CRC

		Total		59





Formats 1 & 2B

		Format 1						Format 2B

		Distributed transmission flag		1				Distributed transmission flag		1

		Resource allocation header		1				Resource allocation header		1

		RB allocation		25				RB allocation		25

		MCS		5				MCS, first transport block		5

		Hybrid ARQ process number		3				Hybrid ARQ process number		3

		Retransmission sequence number (RSN)		3				Retransmission sequence number (RSN), first transport block		3

		TPC		2				TPC		2

		Format (0,0,0)		3				Precoding information		3

		RNTI / CRC		16				RNTI / CRC		16

		Total		59				MCS, second transport block		0

								HARQ swap flag		0

								Retransmission sequence number (RSN), second transport block		0

								Number of layers		0

								Precoding confirmation		0

								Total		59

								Number of antenna ports		2

								Number of layers		1






