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1. Background
The PDCCH is a downlink control channel carrying downlink scheduling assignments and uplink scheduling grants. It is also used for signaling in conjunction with random access response, etc. 

Different PDCCH payload sizes have been discussed in RAN1 in the past to handle the different purposes. Note that, in addition to having different payload sizes, the PDCCH can be transmitted using different number of control channel elements to realize different code rates necessary for handling different radio conditions.

The PDCCH payload sizes include at least
· Size A

· Uplink scheduling grants

· Downlink scheduling assignments (with some limitations)

· Size B

· Downlink scheduling assignments (with full support for non-contiguous RB allocations)

Encoding of MIMO-related control signaling is FFS (included in size B or in a new additional size C format).

Paging, random access response – FFS whether an additional payload size (size D) is used or if payload size A is reused.

The overall intention is to keep the number of different payload sizes small in order to reduce the number of blind decodings in the UE.
The purpose of this document is to serve as a starting point for discussions on the PDCCH contents and to document the areas were agreement can be reached. 
2. Size A – Uplink Scheduling Grant

The uplink scheduling grant consists of the following bit fields

	Field
	Bits
	Comment

	Format
	1
	Indicates UL or DL information. FFS if implicitly indicated as part of the CRC.

	RB assignment
	
[image: image1.wmf]é

ù

)

2

)

1

(

(

log

UL

RB

UL

RB

2

+

N

N


	Indicates the resource blocks the UE shall transmit upon.

	MAC ID
	16
	Implicitly encoded in the CRC

	Transport format
	4-7
	Transport block size, modulation scheme

	Retransmission sequence number
	1-2
	Doubles as new data indicator (=0 indicates new data, >0 indicates retransmission) and redundancy number. May be possible to reduce to 1 bit if the RV is linked to the transmission attempt number.

	TPC
	2-4
	Power control of PUSCH

	Cyclic shift for DMRS
	3
	The cyclic shift to used for generation of the demodulation reference signal. Present at least in case of spatial multiplexing.

	UL index (TDD)
	
	Used to indicate which uplink subframe(s) the grant is valid for. Necessary for TDD only.


Additional fields mentioned but not yet agreed nor sufficiently discussed:
· Validity of grant

· Duration of the grant (valid for n subframes), 2-3 bits
· Subframe index (TDD only), to indicate which subframe the grant is applicable, 3bits

· Sounding-related fields

· SRS indicator, 0-2 bits, indicated whether SRS can be reused for data or not.

· Other UEs sounding RS

· Frequency-hopping related fields

· single bit to indicate hopping (together with a predefined hopping sequence)

· explicit indication of the resources to use for the second slot in the subframe 

· Control-signaling related fields

· Reserve resources for ACK/NAK in PUSCH

· Transmit CQI report on PUSCH

· Index of the PHICH where the ACK/NAK is to be expected (unless implicit relation is used)

· Blind detection reduction
· Antenna selection

· If eNdoeB controlled antenna selections is used, 1 it to indicate the Tx antenna to use is necessary

3. Size A(?) – Downlink Scheduling Assignment (with restrictions)
The detailed usage of small-size grant (payload size A) for downlink scheduling assignments to be decided upon once the uplink grant size is defined. The contents would be a subset of the Size B downlink scheduling assignments.
4. Size B – Downlink Scheduling Assignment

Two possibilities for support of MIMO could be considered:

· Use a single size, size B, for both MIMO and non-MIMO assignments

· Use different sizes, size B for non-MIMO and size C for MIMO assignements

The downlink scheduling assignment consists of the fields listed below.
	Field
	Bits
	Comment

	General
	RB assignment
	?
	Number of bits depends on the resource indication scheme selected (if necessary, includes any explicit info to handle distributed transmission)

	
	MAC ID
	16
	Implicitly encoded in the CRC

	
	TPC
	2-4
	Power control of PUCCH

	First transport block
	Transport format (TF)
	6-7
	Transport block size, modulation scheme. Interpretation of bits may depends on the number of RBs allocated.

	
	Hybrid ARQ process number
	3 (FDD)
4 (TDD)
	Depends on the number of HARQ processes used, TDD may need a larger number than FDD for certain allocations ( different PDCCH sizes for FDD and TDD

	
	Retransmission sequence number
	2
	Doubles as new data indicator (=0 indicates enw data, >0 indicates retransmission) and redundancy version.

	Information needed for MIMO support (in case of two or more streams)

	Second transport block (MIMO support)
	Number of layers
	2
	1, 2, 3 or 4 layers

	
	TF, second transport block
	
	Independent or delta relative to first transport block?

	
	HARQ process second transport block
	3 (FDD)

4 (TDD)
	According to RAN1#47bis, there is full flexibility in mapping between HARQ process and codewords. FFS if the process number could be derived from first transport block as in Rel-7.

	
	Retransmission sequence number
	2
	

	
	Precoding information
	
	Contents unclear – need further discussions. 


The precoding information needs further discussion. Several possibilities exist, e.g., single precoding matrix for the scheduled bandwidth, separating the precoding information and encode it separately from the remaining downlink assignment, single flag indicating whether the eNodeB accepts the UE recommendation or not.
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