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1. Introduction
In RAN1 #59b meeting, the followings are agreed for CI mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping

Discussions were so far focused on DL CC-to-CI mapping or probably assuming independent UL CC-to-CI mapping with UL. However, there exist some consideration points in UL CC-to-CI mapping in the perspective of CI ambiguity, extensibility, and reconfiguration complexity.
2. Uplink CC-to-CI Mapping
The fixed size of CIF will be utilized for not only DL grant, but also UL grant, i.e., DCI format 0/1A. Based on the RRC configuration for both DL and UL CI values, the following three options can be considered for UL CC-to-CI mapping:
· Option 1: Independent UL CC-to-CI Mapping
As shown in Figure 1, CC-to-CI mappings for uplink are independent with downlink CC-to-CI mapping. Thus, UL CI values can be the same as some of DL CI values.
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Figure 1. Independent UL CC-to-CI Mapping

· Option 2: Exclusive UL CC-to-CI Mapping 
All CI values for UL should be assigned exclusively with DL CI values as shown in Figure 2. It means that all DL and UL CI values should be configured within 8 states of 3 bit CIF..
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Figure 2. Exclusive UL CC-to-CI Mapping
· Option 3: DL-UL Linkage-based UL CC-to-CI Mapping 
In this option, all UL CI values are assumed to have the same DL CI values of linked DL CCs as shown in Figure 3. 
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Figure 3. DL-UL Linkage-based UL CC-to-CI Mapping

3. Considerations on UL CC-to-CI Mapping

· CI Ambiguity between DL and UL DCIs in Overlapped UE-specific SS’s
Per-CC UE-specific search spaces for multiple CCs can be overlapped depending on SS designs. In the overlapped region, multiple PDCCHs which have the same payload size including CIF can be transmitted. An UE has ambiguity when decoding PDCCHs if multiple PDCCHs have the same CI value. This ambiguity can occur between DL and UL CCs as shown in Figure 4, depending on UL CC-to-CI mapping methods. For example, it’s assumed that UL CC #1 and DL CC #2 have bandwidths of 100 and 50 RBs, respectively, and DL CC #2 has a transmission mode corresponding to Format 1B with 2 transmit antennas. Therefore, CIF-attached payload size with 16 bit CRC will be the same as 47 for both Format 1B and Format 0. These payloads should be distinguished by CIF or other methods if the same CI values are assigned to both UL CC#1 and DL CC#2.
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	3 bit CIF attached payload size with 16 bit CRC

	
	Bandwidth 

(RBs)
	6
	15
	25
	50
	75
	100

	
	Format 0/1A 
	39
	41
	43
	45
	46
	47

	
	Format 1
	38
	42
	46
	50
	52
	58

	
	Format 1B/1D 
(2 tx ant)
	41
	43
	45
	47
	49
	49

	
	Format 2 
(2 tx ant)
	50
	53
	58
	62
	64
	70

	
	Format 2A(2 tx ant) /2B 
	47
	50
	55
	59
	61
	67

	
	Format 1B/1D
(4 tx ant)
	43
	45
	47
	49
	50
	51

	
	Format 2
(4 tx ant)
	53
	57
	61
	65
	67
	73

	
	Format 2A 
(4 tx ant)
	49
	52
	57
	61
	63
	69


Figure 4 and Table 1. CI ambiguity cases in the overlapped UE-specific SS
Hence, the option 1, i.e., UL CC-to-CI mapping which is independent with DL CI values can yield ambiguity in the overlapped UE-specific SS. The option 2 is one of perfect solutions because UL CIs are exclusive to DL CIs. Option 3 would be a solution if the bandwidth of DL is equal to or larger than bandwidth of linked UL CC.

· Extensibility to More DL and UL CCs
Because CIF size is fixed to 3 bits, all three options would have a limitation for the future release. However, the limitation of options 2 and 3 would be stronger than options 1 since one CIF should indicate both DL and UL CCs in option 2 and some CI values can’t be reused for UL CCs considering different BW cases in option 3. 
· CC-to-CI Reconfiguration
If there is a linkage between DL and UL CI values like option 3, CIF reconfiguration processes that change CI-to-CC mappings affect both DL and UL CI values simultaneously, while only RRC message for DL CIF reconfiguration is necessary. Options 1 and 2 can have independent reconfiguration process for DL and UL.
· Blind Decoding Reduction
The CI values in option 2 have a functionality to distinguish identical-sized DL and UL payloads. Therefore, some of DL DCI format sizes can be fitted into UL DCIs regardless of bandwidth. This feature can provide more possibility to reduce blind decoding attempts. 
· CI Validation Check
The false detection probability of PDCCH can be reduced from validation check of CI values. As an increase in the number of unused CI code points, CI values help to reduce PDCCH false detection probability. Thus, options 1 and 3 have stronger false detection capability than option 2.
4. Conclusion
In this contribution, possible UL CC-to-CI mapping methods are listed and compared in terms of CI ambiguity, extensibility, reconfiguration, BD reduction, and CI validation check. The summary of comparison is follows:
Table 2. Summary of UL CC-to-CI Mapping Methods
	                Options
Features
	Option 1
(Independent)
	Option 2
(Exclusive)
	Option 3
(DL-UL Linkage)

	CI ambiguity
	Need solutions
	No problem
	No problem (if the bandwidth of DL is equal to or larger than bandwidth of linked UL CC)

	Extensibility to the future release
	Good
	Need improvement 
	Fair

	Reconfiguration
	Independent btw. DL and UL
	Independent btw. DL and UL
	Simultaneous in DL and UL

	BD reduction
	No difference
	Possible to reduce BDs
	No difference

	CI validation check
	Contributive
	Less contributive
	Contributive


Based on the above observations, options 2 and 3 seem to be beneficial to avoid CI ambiguity unless additional solutions are provided. Among option 2 and option 3, we prefer option 3 due to CI extensibility to the future release.
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