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1
Introduction
In [1], six different formats are defined for DL control information (DCI): format 0 for UL-SCH assignment, format 1 for DL-SCH assignment for SIMO transmissions, format 1A for a compact DL-SCH assignment, format 2 for DL-SCH assignment for MIMO, format 3 for UL group TPC commands for PUCCH and PUSCH with 2-bit power adjustments, and format 3A for UL group TPC commands for PUCCH and PUSCH with a single-bit power adjustments. 

In this document, we discuss the open issues in the decision of the fields and bit-widths for the different PDCCH formats. Moreover, we also introduce format 4, and format 2A, which are used for the transmission of paging indicators, and a compact DL-SCH assignment for 2 codewords, respectively.

The PDCCH formats can be categorized by their payload size into 3 types:

· Size 1: PDCCH size corresponding to PDCCH format 0, 1A, 3, 3A, 4
· Size 2: PDCCH size corresponding to PDCCH format 1

· Size 3: PDCCH size corresponding to PDCCH format 2

Note that formats 3, 3A and 4 are detectable by using the corresponding group/special MAC ID and 16-bit CRC while formats 0, 1, 2, 1A and 2A are detectable with the UE-specific MAC ID and 16-long CRC.
Further, note that a different contribution [2] deals with the control needed for support of DL MU-MIMO operation. 

2
PDCCH formats of size 1
Tables 1 and 2 show the fields and corresponding bit-widths for:
· Format 0 is used for UL-SCH assignment.
· Format 1A is used for compact DL-SCH assignments by restricting the RB allocation.
The following decisions have been made in regards to the decoding of PDCCH:

· Format 0 and 1A are of the same size (single blind decode for both)

· Therefore, if they have to be equalized in size, we propose to use zero-padding of LSBs on the smallest of the two formats

Table 1
Format 0: UL-SCH assignment
[image: image1.emf]Fomat 0 - UL-SCH assignments N_RB = 25 N_RB = 50 N_RB = 100

Field Bit-width Bit-width Bit-width Notes

Flag format0/format1A differentiation 1 1 1

Hopping flag 1 1 1

Resource allocation and explicit hopping 9 11 13 Starting RB and number of consecutive RBs

MCS 5 5 5 32 levels of MCS (compute TBS from RB assignement)

NDI 1 1 1 Separate new data indicator (1 bit). New data transmissions 

always transmitted with RV=0. Other RVs indicated with 3 

reserved MCS values (for scheduled re-transmissions)

TPC  2 2 2 TPC command for PUSCH

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

Transmit antenna selection 0 0 0 Necessary only if eNB and UE support adaptive antenna 

selection.

UL index (TDD only) Indicate which subframe(s) the grant is valid for. Necessary 

for TDD. Bitwidth depends on DL/UL allocation.

Aperiodic CQI request 1 1 1

CRC 16 16 16 CRC masked by UE MAC ID

FFS SRS use indicator [2] [2] [2] Indicates overlapping of PUSCH transmission with SRS 

transmission

UL index (FDD for DRX) ? ? ?

Total: 39 41 43


The following is proposed for the fields in yellow above: 

· Cyclic shift for DM RS: given the size disparity between format 0 and 1A, we recommend always having this field in the UL grant
· UL index (TDD only): 0 or 1 bits depending on the UL/DL configuration. 

· 1 bit for configuration 0

· 0 bits for all other configurations

· SRS use indicator: given the current complex logic at the UE shown in [3], we recommend treating the overlapping of a subframe with an SRS transmission always in the same way, i.e., the UE rate matches the data transmission around SRS. 
· UL index (FDD for DRX): The UL grant to PUSCH transmission timing relationship should always be maintained irrespective of discontinuous or continuous DL reception at the UE. Therefore, we do not see this field needed. 
Table 2 shows the fields and corresponding bit-widths for PDCCH format 1A (compact DL assignment). 
Table 2
Format 1A: Compact DL-SCH assignment for 1 codeword transmission with restricted RB assignment
[image: image2.emf]Fomat 1A - compact DL-SCH assigments

N_RB = 25 N_RB = 50 N_RB = 100

Field Bit-width Bit-width Bit-width

Flag format0/format1A differentiation 1 1 1

Distributed transmission flag 1 1 1

Resource allocation   9 11 13 Starting VRB and number of consecutive VRBs

MCS 5 5 5 32 levels of MCS (compute TBS from RB assignement). 

Reduction in number of bits for MCS is FFS. 

HARQ process id 3 3 3 HARQ process ID derived from the subframe ID (4b for TDD)

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

(2 bits)

TPC  2 2 2 TPC command for PUCCH

CW indicator [1] [1] [1] MIMO CW1 or CW2 for retransmission combining buffer 

identification

Precoding matrix [2-4] [2-4] [2-4] (2 Tx antennas assumed, it would be 4-bits for 4Tx antennas)

CRC 16 16 16 CRC masked by UE MAC ID

Total: 40 42 44


The following is proposed for the fields in yellow above: 

· CW indicator – 1 bit 

· Allows for re-transmission of PDSCH with rank 1 of transmissions that started with rank > 1

· Precoding matrix – 2 bits for 2Tx antennas, 4-bits for 4 Tx antennas
· Allows for indication of the PMI used for transmissions or re-transmissions of PDSCH with rank 1

· Note that this field would enable the support of beamforming (single-rank transmissions) for link budget limited UEs
3
PDCCH in support of DL SU-MIMO

Discussions in RAN1#52 on PDCCH blind decodes yielded to the following situation: 
· UEs configured in SIMO mode use PDCCH sizes 1 and 2 (2 blind decodes per aggregation level)

· PDCCH format 0/1A and format 1

· UEs configured in MIMO mode use PDCCH sizes 1 and 3 

· PDCCH format 0/1A and format 2

The semi-static MIMO mode that a UE is configured on determines whether to use format 1 or format 2 as full-size DL assignment. 
Table 4 shows the fields and corresponding bit-widths already in [1]. 

Table 3
Format 2: Full-size DL-SCH assignment for 2 codewords transmission

[image: image3.emf]Fomat 2 - DL-SCH assignments for MIMO

N_RB = 25 N_RB = 50 N_RB = 100

Field Bit-width Bit-width Bit-width

Resource allocation header 1 1 1 Indication of resource allocation type 0 or type 1

Resource allocation   13 17 25 Bit-map with allocation for type 0, set indication and bitmap 

therein for type 1

TPC  2 2 2 TPC command for PUCCH

Number of layers 2 2 2 1,2,3,4 layers. Number of bits depend on the number of Tx 

antennas? (2 for 4Tx, 0 otherwise?)

MCS first TrBlk 5 5 5 32 levels of MCS (compute TBS from RB assignement)

HARQ process id 3 3 3 3b for FDD, max 4b for TDD

Retransmission sequence number first TrBlk 3 3 3 Separate new data indicator (1 bit) and redundancy versions 

(2 bits)

HARQ swap flag 1 1 1 Indicates whether the 2 transport blocks should be swapped.

MCS second TrBlk 5 5 5 FFS if possible to reduce to 3 bits by interpretation together 

with MCS for first CW

Retransmission sequence number second TrBlk 3 3 3 Separate new data indicator (1 bit) and redundancy versions 

(2 bits)

Precoding information 4 4 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 flag 1 1 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

CRC 16 16 16 CRC masked by UE MAC ID

Total: 59 63 71


Note the following in regards to PDCCH format 2:

· Largest PDCCH format requiring >70 bits for a system bandwidth of 100RBs

· Currently it is the only PDCCH handling DL assignments of UEs configured in MIMO mode
· Provisioned for rank > 1 transmissions

We recommend the support of DL assignments for UEs configured in MIMO mode by:
· New PDCCH format (PDCCH format 2A) of new size (similar to that of PDCCH format 1) as described in section 4 for rank > 1 transmissions
and

· PDCCH format 1A for rank 1 transmissions – including the necessary fields as shown in section 2.
4
New PDCCH formats

This section presents the two new PDCCH formats that we are proposing to specify. 

Format 2A is a compact version of format 2 by restricting the RB allocation and saving on the signalling of the retransmission sequence number (NDI + RV) of both codewords and on the MCS for the second codeword.

Table 7
Format 2A: Compact DL-SCH assignment for 2 codewords transmission with restricted RB assignment

[image: image4.emf]Fomat 2A - compact DL-SCH assignments for MIMO 

rank > 1

N_RB = 25 N_RB = 50 N_RB = 100

Field Bit-width Bit-width Bit-width

Resource allocation header 1 1 1 Indication of resource allocation type 0 or type 1

Resource allocation   9 11 13 Bit-map with allocation for type 0, set indication and bitmap 

therein for type 1

TPC  2 2 2 TPC command for PUCCH

Number of layers 0 0 0 1,2,3,4 layers. Number of bits depend on the number of Tx 

antennas? (2 for 4Tx, 0 otherwise?)

MCS first TrBlk 5 5 5 32 levels of MCS (compute TBS from RB assignement)

HARQ process id 3 3 3 3b for FDD, max 4b for TDD

Retransmission sequence numbers 5 5 5 NDI + RV jointly coded - assuming that initial transmission 

always uses RV0 - new data

Each CW needs five states (RV0-new, RV0-retx, RV1-retx, 

RV2-retx, RV3-retx), thus 25 states for 2 CWs.

HARQ swap flag 1 1 1 Indicates whether the 2 transport blocks should be swapped.

MCS second TrBlk 3 3 3

Precoding information 2 2 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

Precoding confirmation flag 1 1 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

CRC 16 16 16 CRC masked by UE MAC ID

Total: 48 50 52


Format 4 is used for paging indicators, which are jointly encoded into the PDCCH together with the resource allocation for the associated PDSCH transmission carrying the Paging messages.
Table 8
Format 4: Paging Indicator

[image: image5.emf]Fomat 4 - Group Paging

N_RB = 25 N_RB = 50 N_RB = 100

Field Bit-width Bit-width Bit-width

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

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

…

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

Resource allocation header 1 1 1 Indication of resource allocation type 0 or type 1

Resource allocation   13 17 25 Bit-map with allocation for type 0, set indication and bitmap 

therein for type 1

CRC 16 16 16 CRC masked by common special MAC ID for Paging Group

Total: Same as PDCCH format 0 


5
Conclusions 

In this document we have presented our views on the outstanding issues for PDCCH formats and contents. 
We propose agreeing on the following: 

· Allow for signalling of CW indicator and PMI in format 1A to allow scheduling of MIMO rank 1 transmissions and beamformed transmissions using format 1A.
· Include the DM-RS cyclic shift information on PDCCH format 0

· No additional fields are needed in PDCCH format 0

· Additional PDCCH format for compact DL assignments for 2-CW DL assignments (Format 2A)

· Size similar to that of PDCCH format 1 (size 4). Note that it does not need to be the same since for UEs configured in MIMO mode, the UL grants are size 1 and the DL assignments are either size 1 (format 1A), size 3 (format 2) or size 4 (format 2A).

· Additional PDCCH format for Paging Indicators

In addition, given that some formats require similar number of bits and thus they should share a certain payload size, specifically: 
· Format 0 (UL grant) and 1A (compact 1-CW DL assignment) should have the same payload size

· Zero padding of LSBs for PDCCH format 0 is required

· Formats 3, 3A and 4 (TPC and PI group PDCCHs) should have the same payload size as Format 0 (UL grant)
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