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1 Introduction

During the RAN1#60 meeting, it has been decided that:

· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI
· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always.

Also, it has already been agreed during the RAN1#59bis meeting, that:
· 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
Concerning search space design, the following decision was taken during the RAN#61 meeting:
· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

· A UE’s search spaces on a PDCCH CC are shared in case of same DCI size

Several proposals concerning CI-to-CC mapping and considerations on possible DCI ambiguity cases were already discussed in the previous meetings [1-6]. This contribution presents the different approaches for CI to CC mapping and investigates the impact of these approaches on the DCI ambiguity cases and CC numbering.
We propose that, in the case of cross-carrier scheduling, all PDCCHs in UE-specific search spaces should carry CIF, including for the UL/DL grants of the scheduling CC, and that CI value should be the same for a DL CC and its linked UL CC.
2 CI-to-CC mapping details
In cross-carrier aggregation scenarios, for a given UE, a Carrier Indication Flag (CIF) will be utilized for the numbering of all UL and DL CCs addressed by the PDCCH for this given UE on a scheduling CC. CIF size is fixed to 3 bits. Consequently, a maximum of 8 different CIF values can be configured. The Rel.10 design supports up to 5 DL CCs, and extension to a larger number of CCs can be considered in the future. In Rel.10, for a UE, the number of aggregated UL CCs will be lower or equal to the number of aggregated DL CCs.
Since up to 10 DL and UL CCs may be aggregated and only 8 different CIF values are available, in the case of large aggregation levels (5 DL CCs and 4 or 5 UL CCs), the number of CCs in the aggregation may be higher than the number of available CIF values. We have two possibilities:

· either to accept that some UL CI values are equal to some DL CI values, 
· or not to add CIF to the PDCCH that assigns the DL/UL on the scheduling CC. 
All solutions presented in this section do not have any impact on the number of necessary blind decodes and do not impose any constraint on the search space (SS) design.
2.1 Alternative 1: CIF on grants for all CCs
Here, we consider that a CIF value is assigned to all the aggregated DL and UL CCs, including the DL CC and the associated UL CC of the scheduling DL CC. 
Some UL CI values may equal some DL CI values. Therefore, some DCI ambiguity issues may arise between DCI formats with the same payload if there is an overlap between the UE specific search spaces (UESS) of the CCs having the same CIF: a UE may correctly decode the UL grant for the PUSCH on the UL CC and mistake it for the DL grant of the PDSCH on the DL CC having the same CI value. The possible ambiguity cases are listed in Table 1. Note that in Table 1 the given bandwidths for DCI 0 correspond to the largest bandwidth between the DL CC and the linked UL CC, in order to take into account the potential padding bits appended to DCI 0 in order to be aligned with DCI 1A. 
Table 1: Ambiguity between DCI formats corresponding to UL and DL CCs having the same CI value in case of UESS overlap
	Payload size
	UESS for UL CC#1 (with CIF1)
	UESS for DL CC#2 (with CIF2 = CIF1)

	25
	DCI 0, 3MHz  (when present in UESS)
	DCI 1B/1D, 1.4MHz

	27
	DCI 0, 5MHz (when present in UESS)
	DCI 1, 3MHz

	29
	DCI 0, 10MHz (when present in UESS)
	DCI 1B/1D, 5MHz

	31
	DCI 0, 20MHz (when present in UESS)
	DCI 1B/1D, 10MHz


Case 1A: UL and DL CI-to-CC mapping are independent

In this case, whenever possible, all CCs in the aggregation should have distinct CIs. In the case of high aggregation levels (9 or 10 aggregated UL and DL CCs), UESS overlapping is highly probable. The 4 ambiguity cases can be avoided by forbidding the allocation of the same CIF for the UL/DL pairs here-above within the same aggregation.
The independent UL and DL CI-to-CC mapping may have some impact on the proposed SS design solutions. Some contributions propose, for example, designing a hashing function depending on CIF and/or DCI payload size. Since a DL CC and its linked UL CC may have different CI values, the hashing functions based on CIF randomization should take into account only one of the two CI values for each linked UL/DL CC pair (e.g., the DL CC’s CI value).
For CIF re-configuration, UL and DL CCs can be reconfigured separately. At each re-configuration, the ambiguity cases need to be checked.
For CIF configuration/release, during the PDCCH size uncertainty period due to CIF configuration/release, UL grants should always be sent via the DCI format 0 without CIF on the common search space (CSS) of the scheduling CC.
Case 1B: UL/DL CI to CC mapping depends on the UL/DL linkage

The DL CC and the linked UL CC (UL/DL linked CC pair) share the same CI value. Maximum 5 CI values (out of the 8 available) are being used. Remaining values can be used as virtual CRC. DCI ambiguity can be easily avoided by forbidding DL/UL linkages that might cause the ambiguity. DL CIF reconfiguration automatically triggers the CIF reconfiguration of the linked UL CC.
The ambiguity cases do not need to be checked at each CIF reconfiguration, as long as the linkage rules are respected. As in the case 1A, during the PDCCH size uncertainty period due to CIF configuration/release, UL grants should always be sent via the DCI format 0 w/o CIF on the CSS of the scheduling CC.
Note that the evaluations in Table 1 were made based on Rel.8 DCI payload sizes. If in Rel.10 it will be decided to increase DCI format 0 (e.g. because of PUSCH multi-cluster allocation, or to add an aperiodic SRS triggering flag), the ambiguity cases will need to be updated.
2.2 Alternative 2: No CIF on the scheduling CC
Here, we consider that a CIF value is assigned only to cross-scheduled DL and UL CCs. The DCI formats containing UL and DL grants for the scheduling CC do not contain CIF. UL and DL cross-scheduled CCs (maximum 8) can have distinct CI values, even in the scenarios of high aggregation level. 
Table 2: Ambiguity between DCI formats w/o CIF corresponding to the UL/DL scheduling CC and the DCI formats of other cross-scheduled CC in the case of UESS overlap
	Payload size
	UESS for scheduling CC (w/o CIF)
	UESS for cross-scheduled CC (with CIF)

	22
	DCI 0/1A, 3MHz (when present in UESS)

DCI 1B/1D, 1.4MHz
	DCI 1, 1.4MHz

	23
	DCI 1, 3MHz
	DCI 0, 1.4MHz

	25
	DCI 1B/1D, 3MHz
DCI 2B, 1.4MHz

DCI 0/1A, 5MHz (when present in UESS)
	DCI 1B/1D, 1.4MHz
DCI 0/1A, 3MHz

	27
	DCI 1/1B/1D, 5MHz
DCI 0/1A, 10MHz (when present in UESS)

DCI 0/1A, 15MHz (when present in UESS)
	DCI 1, 3MHz
DCI 0/1A, 5MHz (when present in UESS)

	28
	DCI 1B/1D, 10MHz

DCI 0/1A, 20MHz (when present in UESS)

DCI 2A, 1.4MHz

DCI 2B, 3MHz
	DCI 1B/1D, 3MHz

DCI 2B, 1.4MHz

	29
	DCI 1B/1D, 15MHz
	DCI 1B/1D, 5MHz
DCI 0/1A, 10MHz

	30
	DCI 1B/1D, 20MHz
	DCI 1, 5MHz
DCI 0/1A, 15MHz (when present in UESS)

	31
	DCI 2, 1.4MHz

DCI 2A, 3MHz

DCI 1, 10MHz
	DCI 2A, 1.4MHz

DCI 1B/1D, 10MHz
DCI 0/1A, 20MHz

	33
	DCI 2B, 5MHz

DCI 1, 15 MHz
	DCI 1B/1D, 15 MHz

DCI 1B/1D, 20 MHz

	34
	DCI 2, 3MHz
	DCI 2, 1.4MHz

DCI 2A, 3MHz

DCI 1, 10MHz

	36
	DCI 2A, 5MHz
	DCI 1, 15MHz

	39
	DCI 2, 5MHz

DCI 1, 20MHz
	DCI 2A, 5MHz

	41
	DCI 2A, 10MHz
	DCI 2B, 10MHz

	42
	DCI 2A, 15MHz
	DCI 2, 5MHz

DCI 2B, 15MHz

DCI 1, 20MHz

	43
	DCI 2, 10MHz
	DCI 2A, 10 MHz

	45
	DCI 2, 15MHz
	DCI 2A, 15 MHz

	48
	DCI 2A, 20MHz
	DCI 2, 15MHz
DCI 2B, 20MHz

	51
	DCI 2, 20MHz
	DCI 2A, 20MHz


The advantage of this method is that signaling can take place during the phases of CIF configuration/release, without any problem caused by the PDCCH size uncertainty period between the UE reception of RRCConnectionReconfiguration message and the transmission of the RRCConnectionReconfigurationComplete message. But as it can be seen in Table 2, this causes a large number of ambiguity scenarios in the case of overlap between the UESS of the scheduling CC and the UESSs of the cross-scheduled CCs. UESS overlapping is highly probable, especially for small-band scheduling CCs. Moreover, the recent decision on UESS sharing in the case of equal DCI size increases the impact of the ambiguities listed in Table 2. Indeed, avoiding ambiguous grants on the overlapping part of the UESSs by transmitting them on the non-overlapping part is no longer possible and ambiguity cases cannot be avoided at all.
3 Summary

Based on the discussion above, case 1B seems to be a good possibility:

· In the case of cross-carrier scheduling, all PDCCH in UESSs should carry CIF, including for the UL/DL grants of the scheduling CC 
· CI value should be the same for a DL CC and its linked UL CC

There is no CIF ambiguity problem when the bandwidth of the DL is larger than or equal to the bandwidth of the linked UL CC. When the UL bandwidth is larger than the DL bandwidth, there are only 4 ambiguity cases, which can be avoided by appropriate linkage. A maximum of 5 out of 8 available CI values are used. The remaining three can be used as virtual CRC or could be used for future extensibility of the number of supported CCs in an aggregation. 
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