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1. Introduction 
Ambiguity issue in CIF operation has been largely discussed in RAN1. However this issue needs to be known to RAN2 and discussed. So in this document, we would like to see more details on this issue and RAN2 is asked to discuss the related parts. 
2. Discussion
There are some RAN1 decisions related with cross carrier scheduling as follow: 

· The CSS (Common Search Space) will never use CIF

· Each PDSCH/PUSCH CC is scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC

· For any DL carrier where the UE monitors PDSCH with CIF, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

Table_1 describes the size of PDCCH DCI format dependent on the bandwidth. Note 16bits CRC and 3bits CIF are included in the table_1 [1]. 

	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


Table_1. Size of PDCCH DCI format dependent on the bandwidth

Due to the possible same size of PDCCH commands, PDCCH commands’ conflicts might occur in the overlapped search space. As a consequence, the UE would not be able to distinguish which DL/UL carrier is scheduled with the received PDCCH command. Related with this issue, various questions are under the discussion as follow: 
· How to handle same size of commands in the overlapped space between CSS and DSS?

· How to handle same size of commands with the same CIF in the overlapped space between DSSs? 

· How to handle same size of commands with CIF and w/o CIF in the overlapped space between DSSs?

In this document, we would like to see more details on each issue.
How to handle same size of commands in the overlapped space between CSS and DSS? 
There would be cases where the size of PDCCH 0/1A in the CSS is the same as the PDCCH 0/1A in the DSS for a different bandwidth. Figure_1 describes an example scenario. According to the figure_1 and table_1, PDCCH 0/1A in CSS for DL/UL CC1 and PDCCH 0/1A in DSS for DL/UL CC2 would have same size as follow: 

· PDCCH 0/1A in CSS for DL/UL CC1: 43bits (without CIF in 15M bandwidth)
· PDCCH 0/1A in DSS for DL/UL CC2: 43bits (with CIF in 5M bandwidth) 
Then in the overlapped space between CSS and DSS, the UE cannot distinguish whether the received PDCCH 0/1A is for DL/UL CC1 or for DL/UL CC2. 
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Figure_1. An example of ambiguity problem in the overlapped space between CSS and DSS
We assume it is likely that in this case of overlap, the DSS command would be the one to be selected, since the probability of having a dedicated scheduling command in the CSS is in general quite limited. However RAN1 seems to agree they will make a rule for how to handle this collision case so we should wait for RAN1 decision.
How to handle same size of commands with the same CIF in the overlapped space between DSSs?
There would be cases where the size of PDCCH 0 for a certain cell’s UL scheduling is the same as the PDCCH for the same cell’s DL scheduling in the case if we assume same CI is applied into both DL and UL in the same cell. Figure_2 describes an example scenario. According to the figure_2 and table_1, PDCCH 0 for UL and PDCCH 1B/1D with 2 TX antennas for DL would have same size as follow: 

· PDCCH 1B/1D with 2 TX antennas for DL CC2: 45bits (with CIF “2” in 5M bandwidth)
· PDCCH 0 for UL CC2: 45bits (with CIF “2” in 10M bandwidth)

Then in the overlapped space between two DSSs, the UE cannot distinguish whether the received PDCCH is PDCCH 1B/1D for DL CC2 or PDCCH 0 for UL CC2. 
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Figure_2. An example of ambiguity problem in the overlapped DSSs with the same CIF
This issue is occurred only when UL bandwidth is larger than DL bandwidth in a cell. So this issue will not be occurred as long as we keep the Rel-8/9 principle, i.e. UL bandwidth is always considered as same as DL bandwidth or smaller than DL bandwidth. Upto now, this would not be an issue for any band defined so far. 

Proposal_1: RAN2 is asked to discuss whether we should consider the CIF operation when UL bandwidth is bigger than the DL bandwidth.  

How to handle same size of commands with CIF and w/o CIF in the overlapped space between DSSs?

There would be cases where the size of PDCCH 0/1A in the DSS is the same as the PDCCH 0/1A in the DSS for a different carrier. Figure_3 describes an example scenario. According to the figure_3 and table_1, PDCCH 0/1A for DL/UL CC1 and PDCCH 0/1A for DL/UL CC2 would have same size as follow: 
· PDCCH 0/1A for DL/UL CC1: 43bits (without CIF in 15M bandwidth)
· PDCCH 0/1A for DL/UL CC2: 43bits (with CIF in 5M bandwidth)

Then in the overlapped DSSs, the UE cannot distinguish whether the received PDCCH is PDCCH 0/1A without CIF for DL/UL CC1 or PDCCH 0/1A with CIF for DL/UL CC2. 
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Figure_2. An example of ambiguity problem in the overlapped DSSs with and w/o CIF
This issue is occurred only when the PDCCH commands with CIF and w/o CIF are allowed in the same PDCCH carrier. The use case and need is somewhat doubtful. Unless essential, it seems beneficial not to allow having this flexibility for the simplicity point of view. 

Proposal_2: RAN2 is asked to discuss whether we should consider the CIF operation when PDCCH commands with CIF and w/o CIF are transmitted in the same PDCCH carrier.
3. Conclusion
In the document, we see some more details on the ambiguity issue in CIF operations and ask RAN2 to discuss them. More specifically, we would like RAN2 to discuss the following issues: 

Proposal_1: RAN2 is asked to discuss whether we should consider the CIF operation when UL bandwidth is bigger than the DL bandwidth.

Proposal_2: RAN2 is asked to discuss whether we should consider the CIF operation when PDCCH commands with CIF and w/o CIF are transmitted in the same PDCCH carrier.
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