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Introduction
During RAN1#80bis, some agreements about enhancements for downlink signaling to support up to 32 component carriers were reached. Some of the agreements related to cross-carrier scheduling [1] were
· Keep the Rel. 10 CIF size of 3bits in the DCI (for a carrier-specific grant)
· Rel. 13 CA enabling to address 8 cells with the 3bit CIF
· FFS: Mapping of ServingCellID to CIF for a scheduling cell
· FFS: USS definition and relation to CIF
However, these agreements limit the changes to existing DCI formats. There are still issues to consider including [2]
· DL control channel capacity limitation
· (E)PDCCH blocking/collision
· Increased false-detection rate with an increasing number DL carriers
· UE DL control decoding limitations incl. increasing number of blind decodes
· Improved UE power saving
This contribution examines the effects of the agreements and why they do not resolve the issues for cross-carrier scheduling. In addition, the contribution expands upon the scheduling method proposed in [3] to support up to 32 carriers.
3-bit CIF
There are at least two options of using a 3-bit CIF to schedule up to 32 carriers.
· Option 1: Single scheduling carrier, multiple RNTIs. All the carriers are cross-carrier scheduled on one carrier. An RNTI for each set of 8 carriers could be used.
· Option 2: Multiple scheduling carriers. A scheduling carrier (e.g. PCell) is defined for each set of up to 8 carriers.
For option 2, the scheduling carriers can be enabled for cross-carrier scheduling when needed. It is possible to distribute the cross-carrier scheduling load among the scheduling carriers. Suppose there are 10 carriers to schedule. Instead of mapping 8 and 2 carriers for scheduling carriers 0 and 1, respectively, 5 carriers can be mapped to each scheduling carrier.
The agreements for using a 3-bit CIF do not necessarily reduce the number of decodes nor address the false detection rate. Option 1 does not resolve the capacity and blocking issues while option 2 introduces multiple scheduling carriers to mitigate the capacity and blocking issues. Further, for both options, there is an impact on higher layer signaling.
Observation: Using a 3-bit CIF does not mitigate the false detection issue.
A subtle issue for DL transmission is a UE does not know how many DL assignments were transmitted since each assignment is independent. This may affect the many bits of HARQ-ACK bits needed [5].
There is still a need to schedule up to 32 carriers while addressing the issues for cross carrier scheduling.
Joint DCI
A joint DCI enables the scheduling of multiple carriers using a single DCI. Both [3] and [4] list many benefits for a joint DCI including:
· No missing assignments (grants) are possible. Either all DCIs are received or none are received.
· Fewer number of candidate DCIs (i.e., reduced number of blind detections)
· Low false detection rate since the number of blind detections is reduced
· Reduced blocking (only one DCI)
· Minimize impact on capacity
One concern for a joint DCI is the overall size on physical layer signaling. With the current PDCCH design, the number of channel bits for the largest aggregation level L=8 is 576 bits. Assuming a coding rate of r=1/2 (for reliability) and a 16-bit CRC, the “largest” size of the joint DCI should be 272 bits. For aggregation level L=4, the “largest” size is about 128 bits.
Dividing the largest DCI size for L=8 among 32 carriers implies that the scheduling information for each carrier is about 8 bits. For comparison, the size of DCI format 1A is 29 bits for 100 PRB pairs. Hence, in order to use a joint DCI under the constraints of retaining the current aggregation levels, approaches to reduce its size need investigating. The following sections describe several such approaches.
Proposal 1: A joint DCI should be considered for scheduling groups of carriers.
Reduced granularity and sharing
With reduced granularity, a field is the DCI can be reduced in size while sharing a field implies two or more carriers use that field. An example of reduced granularity was presented in [3] where the number of resource blocks used per carrier was indicated by 1 bit (either all PRBs used or no PRBs used). The example also illustrated sharing the HARQ process number across all carriers. 
A variation is a differential coding where one field provides the baseline parameter for one carrier while reduced size fields are used for other carriers. One example is the 5-bit MCS. While the first carrier uses a 5-bit MCS, other carriers can use a 3-bit MCS field relative to the 5-bit field.
The example in [3] applied reduced granularity aggressively to illustrate that a joint DCI for all 32 carriers could be small in size. However, one drawback of the reduced granularity approach is the amount of specification work needed.
Small groups of carriers
Another approach to manage joint DCI size is to concatenate DCIs for several carriers (semi-statically). The grouping may be based on similarity in channel characteristics, such as adjacent carriers or purpose, e.g., a set of carriers occupying the same type of frequency band.
With 8 carriers and DCI format 1A used for each carrier, the size of the joint DCI is about 240 bits. Reducing the granularity of certain fields, such as the resource block assignment, can enable more carriers to be grouped or allow a lower aggregation level. One benefit of this DCI is the mapping to PUCCH resources can be indicated in the joint DCI. 
One issue to be addressed is the number of small groups that can be supported. Given the size of the joint DCI, L=4 and L=8 should be used. However, for a single scheduling carrier, there are only two L=8 and two L=4 candidates available in the USS. Another issue is determining the size of the joint DCI so that it is independent of the formats used. If the size of the joint DCI is a function of possible formats for each cell, such as format 1A and format 2C, blind decoding would be performed assuming a dynamic size for the joint DCI. A technique that allows different formats for each carrier is to set the joint DCI size to n bits, e.g., n=240. There can be a field indicating whether format 1A is used for each carrier. Based on this field, a UE would know the sizes of the DCIs in the joint DCI.
Example
An example with an FDD and 100 PRB pairs/carrier is presented in Table 1 for formats 1A and 2C.
[bookmark: _Ref418847994]Table 1. DCI format field size for formats 1A and 2C. (Order of fields for format 2C out of sequence from specification)
	Field
	#bits, format 1A
	#bit, format 2C

	Flag for format0/format1A differentiation
	1
	N/A

	Localized/Distributed VRB assignment flag
	1
	1

	
Resource block assignment  (100 RBs)
	13
	13

	Modulation and coding scheme (codeword 1)
	5
	5

	HARQ process number
	3
	3

	New data indicator (codeword 1)
	1
	1

	Redundancy version (codeword 1)
	2
	2

	TPC command for PUCCH
	2
	2

	SRS request
	1
	N/A (FDD)

	Modulation and coding scheme (codeword 2)
	N/A
	5

	New data indicator (codeword 2)
	N/A
	1

	Redundancy version (codeword 2)
	N/A
	2

	Antenna port(s), scrambling identity and number of layers
	N/A
	3

	Total
	29
	38



For 8 carriers, the size of the joint DCI is 8×29=232 bits (format 1A) and 8×38=304 bits (format 2C). There are fields that can be added, removed, and modified are presented in Table 3 for format 1A. A similar procedure for format 2c can be performed on the TPC and resource block assignment fields.
[bookmark: _Ref418848990]Table 3. Modified elements (assume 8 carriers) for format 1A. 
	Field
	#bits
	Add / Remove / Modify
	Size

	flag for format0/format1A differentiation
	1
	Remove all but 1
	-7

	TPC command for PUCCH*
	2
	Remove all but 2
	-14

	SRS request *
	1
	Remove all but 1
	-7

	Format indication
	8
	Add
	8

	Resource block assignment**
	13
	For 5 MHz granularity, 4 bits kept per carrier
	-72

	Total change
	
	
	-92 bits


* assume 1 uplink carrier per group
** The Localized/Distributed VRB assignment flag may not be needed with 5 MHz granularity
Table 4 shows how combinations of format 1A and format 2C can be packed, while still being under a 240 bit payload.
[bookmark: _Ref418849920]Table 4. General mapping for joint DCI, combinations of format 1A and format 2C, 8 carriers
	Usage
	Field
	Size

	Shared
	flag for format0/format1A differentiation
	1

	Bit flag per cell
	Format indication
	8

	Per ith cell if ith bit in format indication field is 1 (format 1a)
	Localized/Distributed VRB assignment flag
	1

	
	Resource block assignment
	4

	
	Modulation and coding scheme
	5

	
	HARQ process number
	3

	
	New data indicator
	1

	
	Redundancy version
	2

	Per cell if ith bit in format indication field is 0
	Localized/Distributed VRB assignment flag
	1

	
	Resource block assignment 
	4

	
	HARQ process number 
	3

	
	Antenna port(s), scrambling identity and number of layers
	3

	
	Modulation and coding scheme
	5

	
	New data indicator
	1

	
	Redundancy version
	2

	
	Modulation and coding scheme
	5

	
	New data indicator
	1

	
	Redundancy version
	2

	Shared
	TPC command for PUCCH
	2

	Shared
	SRS request
	1

	
	Total
	140 to 220



This example illustrates a joint DCI for 8 carriers. When there is no traffic scheduled for a particular carrier in a joint DCI, DCI format 1A could be used for that carrier but its resource allocation field is set to zero. While there is standardization work needed to define the order of fields, the size of the fields, and grouping procedure, a joint DCI provides a practical approach to reduce the false detection rate as well as addressing issues such as blocking and capacity. 
Proposal 2: Approaches to reduce the size of the joint DCI are FFS and may include:
· decreasing the granularity of resource allocation
· sharing fields among scheduled carriers
· using differential coding
Conclusion
The agreement keeping 3-bit CIF simplifies several design considerations. However, it does not resolve certain issues for cross-carrier scheduling, such as lowering the false detection rate. The 3-bit CIF does allow 8 carriers to be scheduled with fine granularity; coarse granularity be may be appropriate for other carriers in a massive CA deployment.
Observation: Using a 3-bit CIF does not mitigate the false detection issue.
Proposal 1: A joint DCI should be considered for scheduling groups of carriers.
Proposal 2: Approaches to reduce the size of the joint DCI are FFS and may include:
· decreasing the granularity of resource allocation
· sharing fields among scheduled carriers
· using differential coding
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