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1. Introduction

This contribution proposes definition of the downlink control format (DCI) 0 and 1A corresponding to the (UL) scheduling grant (SG) and (DL) compact scheduling assignment (CSA).
2. PDCCH:  DCI=0 & 1A Definition
PDCCH information field sizes for DCI=0 and 1A formats are given in Table 1 below.  Along with the resource allocation (RA) map and the UEID masked CRC the following fields are included:

· TPC - Transmission power control fields to update the PUCCH and persistent PUSCH (2-bits).  
· MCS - Modulation and coding scheme assignment (4-bits)

· Cyclic Shift Index – (CSI) indicates UL DM RS cyclic shift and possibly PHICH channel (3-bits). 
· SRS Use Indicator - indicates what part of SRS is being used in a given subframe (0-2 bits)
· CQI/PMI Report Indicator - indicates CQI/PMI information should be sent on PUSCH (1 bit)
· NDI (1-bit)  and RV (2-bits) separate – due to error conditions separate NDI needed  (3-bits)
· FH bit – Indicated if uplink frequency hopping is enabled or not.
Table 1 – PDCCH DCI Format 0 and 1A
	Cat1
	(bits)

	UL/DL RA Map
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	Cat2 
	(bits)

	UL/DL TPC
	2

	UL CQI/PMI report trigger
DL Distributed/Localized
	1

	UL/DL MCS
	4

	UL Cyclic Shift Indicator
DL HARQ Process ID ?
	3

	UL SRS Use Indicator
	[0-2]

	UL Tx Antenna Selection
	[0-1]

	UL index (TDD only)
	[0-3]

	
	

	Cat3 – UL
	(bits)

	UL/DL NDI:1-bit; RVI:2-bit
	3

	UL FH
	1

	CRC (masked with UEID)
	16 (
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3. MU-MIMO/SDMA and RS Cyclic Shift and PHICH Assignment
Given a UE is assigned to a paticular set of 8 PHICHs (PHICH group) corresponding to the same 3 mini-CCEs then the 3-bit Cyclic Shift index can be used to indicate PHICH assignment from the PHICH group.  This mechanism can be used by the scheduler to avoid MU-MIMO PHICH assignment ambiguity in a given subframe.  Enables only needing as many PHICHs as UEs in LTE Active state for a given cell.
4. SRS Use Indicator
For efficient SRS it may be necessary to signal via the UL scheduling grant which RBs (if any) of the SRS are being used for a given subframe.  If the SRS Use Indicator is 2-bits then it might indicate all RBs or no RBs or which of two possible sets of uplink resource elements in a symbol are utilized for the SRS. 

5. CRC size

CRC size is analyzed in [2] which indicates that 16-bits is likely adequate for 5MHz PDCCH but larger bandwidths may need larger CRC sizes as shown in Table 2 below.
Table 2 – CRC size vs System BW Range for PDCCH Format A

	System Bandwidth Range
	CRC Size
	#Simultaneous UEs performing Blind Decoding
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6. DCI Format 0 and 1A Size vs System Bandwidth
Table 2 below indicates the total SG (DCI=0) and CSA (DCI=1A) size for a set of FDD bandwidth modes.

Table 2 – Possible PDCCH SG Format A sizes* for given BW modes

[image: image5.emf]BW 

(MHz)

#RBs

RA Map 

Size

FH Enabled 

bit

CRC Size

Total UL 

Grant

1.4 6 5 0 16 34

3 15 7 1 16 37

5 25 9 1 16 39

10 50 11 1 20 45

15 75 12 1 20 46

20 100 13 1 20 47


* Assumes 0-bit for SRS Use Indicator, #TX antenna, and TDD index
7. Conclusions

Information fields and sizes were proposed for PDCCH DCI format 0 and 1A for different bandwidth modes.  It is proposed that - 
· The field definitions and sizes described in Table 1 be accepted for PDCCH format 0 and 1A
· Cyclic Shift indicator (CSI) in UL SG indicates PHICH assignment from assigned PHICH group
· Enables only needing as many PHICHs as UEs in LTE Active state for a given cell

· Scheduler sets CSI to indicate which PHICH in PHICH group a scheduled UE is to use
· MU-MIMO PHICH assignment amibiguity is avoided

· Could use the bits of the uplink CSI field for the downlink HARQ process ID
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Coding rates are given in Tables 3-8 below for a given number of CCEs and a finite set of payload sizes {24, 36, 40, 42, 44, 48, 50, 52, 54, 58, 60, 68 bits} for the PDCCH DCI formats 0-1A-3(A),1,2,4.  The payload size set is used for all system bandwidths from 6 to 110 resource blocks.
Table 3 – 1CCE, Coding Rate (R) for PDCCH: DCI formats 0-1A-3(A), 1, 2, and 4
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Size R Size R Size R Size R Size R Size R

4 24 3/8 24 3/8 24 1/3 24 1/4 24 1/5 24 1/5

0,1A,3(A) 36 9/16 40 5/8 42 7/12 44 11/24 48 2/5 48 2/5

1 40 5/8 42 21/32 48 2/3 52 13/24 54 9/20 60 1/2

2 48 3/4 50 25/32 54 3/4 58 29/48 60 1/2 68 17/30

15MHz

60 RE

20MHz

60 RE

5MHz

36 RE 48 RE

10MHz 1.4MHz

32 RE

3MHz

32 RE


Table 4 – 2CCEs, Coding Rate (R) for PDCCH : DCI formats 0-1A-3(A), 1, 2, and 4
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Size R Size R Size R Size R Size R Size R

D 24 3/16 24 3/16 24 1/6 24 1/8 24 1/10 24 1/10

A 36 9/32 40 5/16 42 7/24 44 11/48 48 1/5 48 1/5

B 40 5/16 42 21/64 48 1/3 52 13/48 54 9/40 60 1/4

C 48 3/8 50 25/64 54 3/8 58 29/96 60 1/4 68 17/60

15MHz

60 RE

20MHz

60 RE

5MHz

36 RE 48 RE

10MHz 1.4MHz

32 RE

3MHz

32 RE


Table 5 – 3CCEs, Coding Rate (R) for PDCCH: DCI formats 0-1A-3(A), 2, and 4 
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Size R Size R Size R Size R Size R Size R

D 24 1/8 24 1/8 24 1/9 24 1/12 24 1/15 24 1/15

A 36 3/16 40 5/24 42 7/36 44 11/72 48 2/15 48 2/15

B 40 5/24 42 7/32 48 2/9 52 13/72 54 3/20 60 1/6

C 48 1/4 50 25/96 54 1/4 58 1/5 60 1/6 68 17/90

1.4MHz

32 RE

3MHz

32 RE

5MHz

36 RE 48 RE

10MHz 15MHz

60 RE

20MHz
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Table 6 – 4CCEs, Coding Rate (R) for PDCCH : DCI formats 0-1A-3(A),1,  2, and 4
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Size R Size R Size R Size R Size R Size R

D 24 3/32 24 3/32 24 1/12 24 1/16 24 1/20 24 1/20

A 36 9/64 40 5/32 42 7/48 44 11/96 48 1/10 48 1/10

B 40 5/32 42 11/67 48 1/6 52 13/96 54 9/80 60 1/8

C 48 3/16 50 8/41 54 3/16 58 8/53 60 1/8 68 1/7

1.4MHz
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3MHz

32 RE
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Table 7 – 8CCEs, Coding Rate (R) for PDCCH: DCI formats 0-1A-3(A), 1, 2, and 4 
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Size R Size R Size R Size R Size R Size R

D 24 3/64 24 3/64 24 1/24 24 1/32 24 1/40 24 1/40

A 36 5/71 40 5/64 42 7/96 44 2/35 48 1/20 48 1/20

B 40 5/64 42 5/61 48 1/12 52 4/59 54 5/89 60 1/16

C 48 3/32 50 4/41 54 3/32 58 4/53 60 1/16 68 1/14
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32 RE
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32 RE

5MHz

36 RE 48 RE
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60 RE
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