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1
Introduction
At the RAN1#59 meeting it was decided that for LTE-A support of cross-carrier control DL and UL assignments would be conveyed by single carrier DCI format(s) with an additional carrier indicator field (CIF) of 3 bits. The component carrier (CC) indication is used to explicitly state for which carrier the assignment is intended. At the RAN1#59bis meeting it was adopted that the mapping from CIF values to CCs for each CC enabling CIF is UE specific and CIF value to CC mapping is configured by RRC, and that DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI.
The remaining open questions are whether the remaining DCI formats can have CIF, and whether to support scheduling a PDSCH/PUSCH CC from more than one DL CC. In this document we address those questions and propose suitable solutions. 
2
CIF Applicability to DCI Formats
Carrier indicator is in general applicable to all DCI formats that can carry UE specific UL or DL assignments. The DCI formats 0, 1, 1A, 1B, 1D, 2, and 2A are used for the UE specific assignments with C-RNTI scrambling, and therefore can include carrier indicator field for the cross-carrier operation.

DCI formats 1C, 3, and 3A are not used for UE-specific purposes and are always located in the common search space. In order to provide for backward compatibility and co-existence with Rel-8 UEs that will be referring to the same common information, those DCI formats shall not have the carrier indicator field. To enable the cross-carrier operation for group TPC, possible approaches are defined in [1]. The DCI formats scrambled by SI-RNTI should not have the carrier indicator field, but the delivery of the cross-carrier system information has to be provided in order to support the cross-carrier operation that enables operation in the cases where reliable PDCCH operation is not possible on some carriers. To provide for the cross-carrier system information, the upper layer signalling could be used (as discussed in RAN2). 

DCI formats 1A and 0 in common search space may be used for both UE specific and common purposes. For example, if the cross-carrier operation is enabled, UE would expect the carrier indicator in the format 1A, but 1A can also be used for common purposes and hence would have to be Rel-8 compliant, and without carrier indicator. This is only applicable to the common search space. The possible solutions are 
· Only allow the use of DCI formats 0/1A without the carrier indicator in the common search space. This restriction could pose some constraints with respect to the use of DCI format 0/1A, i.e. DCI format 0 and 1A with C-RNTI scrambled CRC can not support cross-carrier operation

· Do not to impose any restriction and allow DCI formats 0/1A with and without the carrier indicator to be present in the common search space. The DCI format 0/1A with carrier indicator would exclusively have the CRC scrambled by C-RNTI/SPS C-RNTI, while the DCI format 1A without the carrier indicator would exclusively have the CRC scrambled by SI/P/RA-RNTI, as shown in Table 1. Temporary C-RNTI would always be used on DCI formats 0/1A without the carrier indicator, as for the initial access procedure a UE is assumed to be in a single carrier mode. Therefore, an LTE-A UE would try to decode both DCI formats 0/1A with and without carrier indicator field in the common search space. However, the CRC scrambling by C-RNTI/SPS C-RNTI would be assumed only for the DCI format 0/1A with carrier indicator, and the CRC scrambling by SI/P/RA-RNTI would be assumed only for the DCI format 1A without carrier indicator. Under these assumptions, the false alarm probability is not increased as compared to the Rel-8, while the number of blind decodes is increased by 6. Hence, this approach offers the full flexibility of using the UE specific DCI formats with cross-carrier indicator in the UE specific and the common search space, with the same false alarm probability and slightly increased number of blind decodes.
Table 1:
Applicability of carrier indicator to DCI formats and search space
	DCI format
	Scrambling
	Search space
	Carrier indicator

	0, 1, 1A, 1B, 1D, 2, 2A

0, 1, 1A, 2, 2A
	C-RNTI

SPS C-RNTI
	UE specific
	Yes

	1C, 1A
3, 3A
	SI/P/RA-RNTI

TPC-PUCCH-RNTI/ TPC-PUSCH-RNTI
	Common
	No

	0, 1A
	C-RNTI, SPS C-RNTI
	Common
	Yes


In order to simplify the design, we think that CIF should be included (as defined in Table 1) always when the presence of CIF (i.e. the cross-carrier control) is configured. Not including it in specific scenarios (DCI format sizes are different across all configured carriers) would only make the operation more complicated, with additional mode to consider, with negligible overhead savings (3 bits per assignment). 

3
Cross-carrier Scheduling of PDSCH/PUSCH

At the RAN1#59bis meeting, two options are considered with respect to the linkage between PDSCH/PUSCH scheduling and PDCCH: 

Option 1: 

        - Each PDSCH/PUSCH CC can be 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 with CIF where the UE monitors PDCCH, 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 

Option 2: 

        - Support scheduling a PDSCH/PUSCH CC from more than one DL CC 

                - For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario 

                - For any DL carrier with CIF where the UE monitors PDCCH, 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 

                - This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF.

We believe that option 1 unnecessarily limits the scheduling flexibility. It may increase the scheduling blocking probability as scheduling of multiple carriers has to be from a single carrier. Option 2 provides more scheduling flexibility without necessarily increasing the total number of blind decodes. In the case when the carriers in question have the same system bandwidth and transmission mode, the same maximum number of NcarriersxN#BD on single_carrier blind decodes holds. In the case of distinct system bandwidth and/or transmission mode, an upper limit on the total number of blind decodes can be enforced. Therefore, the option 2 should be supported as it provides the necessary scheduling flexibility without necessarily increasing the total number of blind decodes and staying within the limit of maximum number of blind decodes can be guaranteed by configuration. It would be up to the eNB to configure scheduling of a PDSCH/PUSCH on a CC – from only one CC (option1) or from more than one CCs (option2).

4
Summary 
In this document we discussed the remaining open questions on which remaining DCI formats can have CIF, and whether to support scheduling a PDSCH/PUSCH CC from more than one DL CC.
Based on the conclusions, we propose the following:

· Carrier indicator applicability to DCI formats

· DCI formats 0, 1, 1A, 1B, 1D, 2, and 2A contain carrier indicator field when the cross-carrier operation is enabled and when used for UE specific purposes (CRC scrambled by C-RNTI/SPS C-RNTI)
· DCI format 1A does not contain carrier indicator field when used for common purposes (CRC scrambled by SI-RNTI)
· DCI formats 1C, 3, and 3A do not contain an explicit carrier indicator field
· Support scheduling a PDSCH/PUSCH CC from more than one DL CC
· Option 2.
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