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1. Introduction

A number of decisions regarding downlink control information (DCI) formats were agreed in RAN1#52bis [1]. Currently, the following formats are supported:
· Format 0: UL grant
· Format 1: DL grant for single-antenna/Tx diversity transmission
· Format 1A: DL grant for single-antenna/Tx diversity transmission with contiguous RB allocation
· Format 1B: DL grant for rank-1 closed-loop transmission – details need further discussion
· Format 1C: Mini format for D-BCH, paging, RACH response

· Format 2: DL grant for closed-loop spatial multiplexing (SM) – details need further discussion
· Format 3/3A: TPC support
The detailed discussion on format 1B and 2 can be found in joint contribution [2], which is assumed throughout the contribution.
In this contribution, we present our view regarding the formats for open-loop SM and multi-user MIMO (MU-MIMO). It is noted that open-loop SM and multi-user MIMO are semi-statically configured with closed-loop SM, single-antenna transmission, and Tx diversity. 
2. DCI Formats
In this section, we discuss the two issues mentioned in the contribution.
2.1. Format for Open-Loop SM Support

Currently, format 2 is the only format for spatial multiplexing (SM) (see Table 1, assuming [2]). Since the precoding information and confirmation are not needed for open-loop SM, only 1 or 2 bits are needed for “precoding information + confirmation + number of layers”. However, such small reduction may not motivate the existence of an additional DCI format to support open-loop SM (i.e. Format 2A). With the current setup, two separate MCS fields are needed due to the possibility of transmitting a new HARQ process only on one of the codewords despite a single CQI (for both codewords) is supported for open-loop SM. Along this line, the following further restrictions can be applied to further reduce the DCI size for format 2A:
1. Restricted RB allocation (same as format 1A/1B): While this may seem restrictive in terms of resource allocation, this ensures maximum PDCCH coverage for open-loop SM analogous to that for format 1A/1B. 
2. Single HARQ process: Note that open-loop SM is targeted for high-speed operation. Hence, the diversity gain from HARQ is high. Intuitively, the gain from allowing two separate HARQ processes across the 2 codewords seems limited. This removes the need for HARQ swap flag as well as the 3-bit NDI-RV for the second TB. This also implies that only 1-bit UL ACK/NAK is needed for open-loop SM.
3. One MCS field: If a single HARQ process is used for both codewords, the need for the second MCS field for open-loop SM does not seem justified. 
Table 1. Format 2 according to [2] vs. possible open-loop SM format 2A (no PMI)
	Format 2 (20MHz bandwidth) [2]
	Format 2A (20MHz bandwidth)

	Resource allocation header

1

RB allocation

25

MCS, first transport block

5
MCS, second transport block

5
Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Precoding information + confirmation + number of layers

2-Tx: 3

4-Tx: 6

TPC

2

RNTI / CRC

16

Total

2-Tx: 67

4-Tx: 70 


	Resource allocation header

1

RB allocation

25

MCS, first transport block

5
MCS, second transport block

5
Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Number of layers
2-Tx: 1
4-Tx: 2
TPC

2

RNTI / CRC

16

Total

2-Tx: 65
4-Tx: 66 




Table 2 shows the resulting DCI format with the above size reduction (1 and 2+3 separately). 
Table 2. Format 2A with reduced DCI size
	Format 2A (20MHz bandwidth) restricted RB allocation
	Format 2A (20MHz bandwidth) 1 HARQ & MCS

	Distributed transmission

1

RB assignment

13

MCS, first transport block

5
MCS, second transport block

5
Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

1

New data indicator (2nd TB)

1

Redundancy version (2nd TB)

2

Precoding information + confirmation + number of layers

2-Tx: 1
4-Tx: 2
TPC

2

RNTI / CRC

16

Total

2-Tx: 53
4-Tx: 54 


	Resource allocation header

1

RB allocation

25

MCS, first transport block

5
MCS, second transport block

0
Hybrid ARQ process number

3

New data indicator (1st TB)

1

Redundancy version (1st TB)

2

HARQ swap flag

0
New data indicator (2nd TB)

0
Redundancy version (2nd TB)

0
Number of layers
2-Tx: 1
4-Tx: 2
TPC

2

RNTI / CRC

16

Total

2-Tx: 56
4-Tx: 57 




Notice that format 2A with only 1 HARQ process and 1 MCS fields is almost the same as format 1 except for “the number of layers” field.
Furthermore, it is also possible to combine both reduction schemes which results in a total of 44 and 45 bits for 2-Tx and 4-Tx scenarios, respectively. 
2.2. Format for DL MU-MIMO support
The need for an additional DCI format for MU-MIMO depends on the resource allocation strategy for MU-MIMO. This assumes that no additional signaling is needed for MU-MIMO, e.g. signaling the interfering precoding vector. In addition, it is assumed that only wideband precoding is supported for MU-MIMO:
· If only contiguous resource allocation (with possibility of distributed transmission) is supported, format 1B can be reused for MU-MIMO. Hence, there is no need to define an additional format for MU-MIMO.
· Otherwise, a new rank-1 only format with non-contiguous resource allocation (derived from format 1) should be supported. Notice that format 1B also supports rank-1 only precoding but with contiguous resource allocation. Essentially, the content is that from format 1 (1-TB transmission) along with the precoding information (2 and 4 bits for 2-Tx and 4-Tx configurations, respectively) and confirmation (1 bit). 

When MU-MIMO is applied, the number of UEs supported within the system bandwidth tends to increase which in turn increases the DL control overhead. Hence, reducing the DCI size for MU-MIMO assignment is beneficial from this perspective, if not in increasing the PDCCH coverage. Hence, restricting the resource allocation for MU-MIMO to that used for format 1A/1B is preferred.
3. Summary
In this contribution, some open issues regarding the DCI format were discussed. In particular:
· An additional format 2A was proposed to support open-loop spatial multiplexing with 2 possible restrictions (contiguous RB allocation with the possibility of distributed transmission and a single HARQ process + MCS).
· Format 1B is reused for MU-MIMO. 

As mentioned above, despite the number of DCI formats (or sub-formats), the set of DCI formats is designed to limit the number of blind decodes to 2 per CCE aggregation and location. The DCI formats that need to be blindly decoded for each transmission mode is outlined in Table 7. 
Table 7. DCI formats to be blindly detected for a given transmission mode
	Transmission mode
	0/1A
	1
	1B
	2
	2A

	Single-antenna
	x
	x
	
	
	

	Tx diversity 
	x
	x
	
	
	

	Closed-loop SM
	x
	
	
	x
	

	Closed-loop rank-1 contiguous RBs
	x
	
	x
	
	

	Open-loop SM
	x
	
	
	
	x

	MU-MIMO
	x
	
	x
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