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1. Introduction

This contribution proposes definition of the PDCCH DCI format 0 and 1A corresponding to the (UL) scheduling grant (SG) and (DL) compact scheduling assignment (CSA).  Also proposed are the definitions for the PDCCH DCI format 1 and 2 corresponding respectively to the SIMO + transmit diversity scheduling assignment and the spatial multiplexing scheduling assignment.  It is proposed that the DCI format 1 could with minimum overhead also support a single code word spatial multiplexing format.  The same is true for the CSA.  Finally, a 24-bit subcompact format is proposed to minimize CCE overhead for RACH, PCH, and DBCH grants/assignments.
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 (5-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 (0-1 bits)
· CQI/PMI Report Indicator - indicates CQI/PMI information should be sent on PUSCH (1 bit)
· NDI (1-bit)  - to avoid error conditions separate NDI needed  (0-bits), implicit RVI in MCS
· FH bit – Indicated if uplink frequency hopping is enabled or not.
Table 1 – PDCCH DCI Format 0 and 1A
	PDCCH Field
	(bits)

	UL/DL RA Map
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	UL/DL TPC
	2

	UL CQI/PMI report trigger
DL PMI selection indicator
	1

	UL/DL MCS
	5

	UL Cyclic Shift Indicator
DL HARQ Process ID or PMI?
	3

	UL SRS Use Indicator
	[1]

	UL Tx Antenna Selection
	[0-1]

	UL index (TDD only)
	[0-3]

	UL/DL NDI:1-bit  RVI: implicit 
	1

	UL FH
DL Distributed/Localized
	1

	CRC (masked with UEID)
	16 (
[image: image2.wmf])

35

RBs

BW

£

else 20


2.1 MU-MIMO/SDMA and RS Cyclic Shift and PHICH Assignment
Given a UE is assigned to a particular 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.  This enables only needing as many PHICHs as UEs in LTE Active state for a given cell.
2.2 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 due to more UEs in the RRC_CONNECTED state.
2.3 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 DCI Format 0, 1A sizes* for given BW modes
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1.4 6 5 0 16 34

3 15 7 1 16 37

5 25 9 1 16 39

10 50 11 1 16 41

15 75 12 1 16 42

20 100 13 1 16 43


* Assumes 0-bit for UE #TX antenna selection, and TDD index
3. PDCCH:  DCI=4 Definition (24-bit)
To minimize PDCCH CCEs and power boosting required to achieve cell edge coverage for PBCH, PCH, and RACH grants a sub-compact grant size is proposed with only 24-bits including a 16-bit CRC as shown in Table 3 below.
Table 3 – PDCCH DCI Format 4

	PDCCH Field
	(bits)

	UL/DL RA Map
	4

	UL/DL TPC
	0

	UL CQI/PMI report trigger

DL PMI selection indicator
	0

	UL/DL MCS
	4

	UL Cyclic Shift Indicator

DL HARQ Process ID or PMI?
	0

	UL SRS Use Indicator
	0

	UL Tx Antenna Selection
	0

	UL index (TDD only)
	0

	UL/DL NDI:1-bit  RVI: implicit 
	0

	UL FH

DL Distributed/Localized
	0

	CRC (masked with UEID)
	16


4. PDCCH: DCI=1 & 2 Definition
PDCCH information field sizes are given in Table 4 below for PDCCH DCI Format 1.  Although Format 1 is defined for SIMO (Single Antenna Port) and Transmit Diversity it could be extended to single code word closed-loop spatial multiplexing with a single PMI bit selection indicator to indicate if the UE should use its reported PMI and rank or fallback to a default PMI and MCS as described in [9].

Table 4 – PDCCH DCI Format 1 Bit Field definition
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PDCCH DCI Format 1 sizes are shown below in Table 5 based on resource allocation Type 0/1.

Table 5 – PDCCH DCI Format 1 size per BW mode
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1.4 6 1 0 6 6 34

3 15 2 2 8 10 38

5 25 2 2 13 15 43

10 50 3 3 17 20 48

15 75 4 3 19 22 50

20 100 4 3 25 28 56


Since basic MU-MIMO (B_MU-MIMO) only need bits for assigned antenna weights (3-bit PVI in the case of B_MU-MIMO which can also serve as 1-bit PMI) then another PDCCH DCI format 1B is proposed in Table 6 below.  With only a 2-bit difference between format 1 and 1B it may be desirable to merge them into a single format (DCI format 1). RVs are implicitly signaled via reserved MCS entries.
Table 6 – PDCCH Basic MU-MIMO DCI Format 1B Bit Field definition
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By using a 1-bit PMI selection indicator the PDCCH DCI format 2 can be very efficient as shown in Table 7 below.  This 1-bit PMI selection indicator can be avoided all together if blind detection of the reported PMI state and default PMI state is performed by the UE [9].  The spatial channel assignment (SCA) bit is used to indicate which spatial channel the new codeword is assigned (rank > 1).
Table 7 – PDCCH Format DCI Format 2 Bit Field definition
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* A  ‘0100’ CW2 value means only CW1is used.
** Reserved field for SU-MIMO-1CW could be used for stream reassignment when new 2nd codeword is not available

PDCCH format 2 sizes with 1-bit PMI are given in Table 8 below for resource allocation Type 0/1.  Correspondingly, PDCCH format 2 with 1-bit PMI requires 7 more bits than PDCCH format 1.
Table 8 – PDCCH DCI Format 2 with 1-bit PMI indicator
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1.4 6 1 0 6 6 41

3 15 2 2 8 10 45

5 25 2 2 13 15 50

10 50 3 3 17 20 55

15 75 4 3 19 22 57

20 100 4 3 25 28 63


Requiring explicit 4-bit PMI and 2-bit rank to be sent for closed-loop spatial multiplexing increases the PDCCH DCI format 2 by another 6-bits.  This is a significant payload increase which also means this PDCCH format 2 would require 13 more bits than format 1.  Table 9 shows PDCCH format 2 if PMI must be explicitly signaled and where the single bit PMI indicator is only used to acknowledge frequency selective PMI reports.  Perhaps it is possible to combine the MCS codeword 2, PMI, Rank, and 1-bit PMI indicator fields from 11-bits into a single smaller 7-bit field.  Otherwise the overhead represented by Table 9 is excessive and could degrade LTE spectral efficiency. Alternatively, if only single code word closed-loop spatial multiplexing is performed for cell edge UEs than PDCCH Format 2 given in Table 9 is probably acceptable for the rest of the UEs closer to the cell.  This means DCI format 1 and 1A would support single codeword spatial multiplexing for cell edge UEs.
Table 9 – PDCCH DCI Format 2 Bit Field definition
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PDCCH Format 2 sizes with 4-bit PMI and 2-bit rank are given in Table 10 below for resource allocation Type 0/1.  Correspondingly, this PDCCH DCI Format 2 requires 13 more bits than PDCCH DCI Format 1.

Table 10 – PDCCH DCI Format 2 with 4-bit PMI and 2-bit Rank
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1.4 6 1 0 6 6 47

3 15 2 2 8 10 51

5 25 2 2 13 15 56

10 50 3 3 17 20 61

15 75 4 3 19 22 63

20 100 4 3 25 28 69


3 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 DCI Format 0 and 1A
· Redefine UL FH field to be single-bit PMI selection indicator for PDCCH Format 1A (CSA) to support single codeword closed-loop spatial multiplexing (SU-MIMO).

· Redefine UL CSI field to be DL HARQ ID for PDCCH Format 1A (CSA)

· Include single-bit PMI selection in Format 1 to allow support of single codeword SU-MIMO

· Accept new PDCCH DCI Format 4 along with field definitions and sizes given in Table 3

Information fields and sizes were proposed for PDCCH DCI Format 1 and 2 for different bandwidth modes.  It is proposed to – 

· Allow DCI format 1 to include a single-bit PMI selection indicator to support single codeword closed-loop spatial multiplexing (SU-MIMO) operation.

· Use the PDCCH DCI Format 1 definition given in this paper is proposed because it has very good coverage due to the minimization of required bits.  5MHz BW: 43-bits

· A separate PDCCH Format 1B definition is proposed for basic MU-MIMO which requires 2 more bits than Format 1 and which could probably merged into a single format (i.e. Format 1). 5MHz BW: 45-bits

· Use the proposed PDCCH DCI Format 2 for up to 2 codewords defined in this paper which requires 56 bits for the 5MHz BW mode.  
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