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1
Introduction
In Rel-10, the max number of PDCCH blind decodes in the UE-specific search space is up to 48, an increase from 32 in Rel-8 and Rel-9. This is due to the support of UL MIMO, where DCI format 4 is not size-matched any of the DCI formats for DL grants. Consequently, there are three distinct DCI format sizes per PDCCH decoding candidate. In this contribution, we investigate the potential ambiguity of DL grants and UL MIMO grants due to a same DCI format size. 
2
Discussion
In Rel-8/9, the max number of PDCCH blind decodes in the UE-specific search space is up to 32, a combination of the following two factors:

· Up to 16 PDCCH decoding candidates

· For each PDCCH decoding candidate, two distinct DCI format sizes

In particular, one DCI format size is associated with DCI format 0 and 1A (with a one-bit format 0 / format 1A differentiation flag embedded in the DCI), and the other DCI format size is DL transmission mode dependent (e.g., 1/1B/1D/2/2A/2B/2C). 

In Rel-10, due to the introduction of UL MIMO, a new DCI format 4 was added. DCI format 4 is not size-matched with any DL grants. As a result, for each PDCCH decoding candidate, there are 3 distinct DCI format sizes, resulting in up to 48 blind decodes in the UE-specific search space. Note that from the UE perspective, differentiation of the DL mode-dependent DCI and DCI format 4 is implicit, i.e., based on the distinct DCI sizes.

One open issue is: is there a possibility that a DL mode-dependent DCI and DCI format 4 have the same size and indistinguishable from the UE perspective? If so, how to handle?
In the appendix, we show two examples when the DCI format 4 has the same size as a DL-mode dependent DCI. In the first example, DCI format 2A and DCI format 4 have a same size of 56 bits; in the second example, DCI format 2C and DCI format 4 have a same size of 50 bits. From these examples, it can be seen that:
· Same size and hence DCI ambiguity can happen between DCI format 4 and a DL mode-dependent DCI format

· Two or more DL mode-dependent DCI formats may be of the same size as DCI format 4

Therefore, such an issue needs to be addressed. Note also that in future releases, more UL DCI formats may also be introduced. The solution of DCI ambiguity should also be future-proof. A few possible solutions include:

· To apply a zero-padding to DCI format 4 if ambiguity exists 
· To introduce a specific offset in PDCCH rate matching for DCI format 4 and any future UL DCI formats
· To add a one-bit DL/UL DCI differentiation flag in both DL and UL DCI formats if ambiguity exists

The zero-padding padding approach seems simple, but an exhaustive list of confusing DL DCI formats needs to be provided. Also, the same exercise has to be done for future UL DCI formats. The rate-matching offset based approach seems to be future proof, without much standardization effort. 
3
Conclusions 

In this contribution, we discussed the potential ambiguity between DCI format 4 and a DL-mode dependent DCI format due to the use of the same DCI size. Such an issue exists in some typical settings. 
Two or more DL mode-dependent DCI formats may be of the same size as DCI format 4 under various settings. A few possible solutions were listed. It is recommended that RAN1 discusses the issue and possible solutions, and concludes on this topic.
Appendix

Example 1: 

A same DCI format size between DCI format 2A and DCI format 4. This corresponds to a 10MHz (50 RBs) FDD system with carrier aggregation without cross-carrier signaling, a 2Tx eNB and a 4Tx UE. 

	DCI Format 2A (10MHz, FDD, 2Tx)
	

	Field
	Bit-width

	Carrier Indicator
	0

	Resource allocation header
	1

	Resource allocation  
	17

	TPC 
	2

	Downlink Assignment Index
	0

	HARQ process id
	3

	TB to codeword swap flag
	1

	MCS - 1st TB
	5

	New data indicator - 1st TB
	1

	Redundancy version - 1st TB
	2

	MCS - 2nd TB
	5

	New data indicator - 2nd TB
	1

	Redundancy version - 2nd TB
	2

	Precoding information
	0

	CRC
	16

	Total:
	56


DCI Format 4 (10MHz, FDD, 4 UE Tx)

	Field
	Bit-width

	Carrier Indicator
	0

	Resource block assignment and hopping resource allocation
	12

	TPC command for PUSCH
	2

	Cyclic shift for DM-RS and OCC index
	3

	UL index (TDD only) or DAI (TDD only)
	0

	CQI Request
	2

	SRS Request
	2

	Multi-cluster flag
	1

	MCS - 1st TB
	5

	New data indicator - 1st TB
	1

	MCS - 2nd TB
	5

	New data indicator - 2nd TB
	1

	Precoding information
	6

	CRC
	16

	Total:
	56


Example 2: 

A same DCI format size between DCI format 2C and DCI format 4. This corresponds to a 3MHz (15 RBs) FDD system, and a 4Tx UE. 

DCI Format 2C (3MHz, FDD)

	Field
	Bit-width

	Carrier Indicator
	0

	Resource allocation header
	1

	Resource allocation  
	8

	TPC 
	2

	Downlink Assignment Index
	0

	HARQ process id
	3

	Antenna ports, scrambling id, and # of layers
	3

	[SRS Request]
	1

	MCS - 1st TB
	5

	New data indicator - 1st TB
	1

	Redundancy version - 1st TB
	2

	MCS - 2nd TB
	5

	New data indicator - 2nd TB
	1

	Redundancy version - 2nd TB
	2

	CRC
	16

	Total:
	50


DCI Format 4 (3MHz, FDD, 4 Tx UE)

	Field
	Bit-width

	Carrier Indicator
	0

	Resource block assignment and hopping resource allocation
	7

	TPC command for PUSCH
	2

	Cyclic shift for DM-RS and OCC index
	3

	UL index (TDD only) or DAI (TDD only)
	0

	CQI Request
	1

	SRS Request
	2

	Multi-cluster flag
	1

	MCS - 1st TB
	5

	New data indicator - 1st TB
	1

	MCS - 2nd TB
	5

	New data indicator - 2nd TB
	1

	Precoding information
	6

	CRC
	16

	Total:
	50
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