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1. Introduction
The following agreement on the carrier indication field (CIF) was reached at RAN1 #59:
· Configuration for the presence of CIF is UE specific (i.e. not system-specific or cell-specific)

· CIF (if configured) is a fixed 3-bit field

· CIF (if configured) location is fixed irrespective of DCI format size. 

· Cross-carrier assignments can be configured both when the DCI formats have the same or different sizes

· Explicit CIF for the case of same DCI format size

· FFS whether the CIF is included or not in cases the DCI format sizes are different

· There will be an upper limit on the total number of blind decodes

This contribution presents our views on some remaining details for CI design.
2. Discussion
2.1. CIF to CC index mapping
To avoid ambiguity during component carrier (CC) assignment to the UE, the CI field should have a simple implicit addressing scheme mapping the value of the CI field to the CC. There are two proposed methods for the CIF-to-CC index mapping, namely UE-specific or system-specific. The system-specific mapping offers a cell-wide unique mapping between a CIF value and one of the supported CCs in the cell. For example, the CCs can be ordered according to the RF numerology. Figure 1 shows an example using the 3-bit CIF for carrier aggregation of four CCs, where three CCs are contiguous while the fourth is non-contiguous and could even be in a different band. 


[image: image1.emf]Anchor 

carrier

frequency

000 011 010 001


Figure 1 Bit addressing based on RF numerology

On the other hand the UE-specific mapping, as the name implies, provides a unique mapping from the CIF to the set of DL (or UL) CCs that are configured for a specific UE. One advantage of the cell-specific mapping scheme is that it is independent of the UE-specific DL (or UL) CC set. More importantly, it simplifies the eNB complexity (and testing requirements) because the eNB does not have to manage separate mapping patterns for every single UE configured for carrier aggregation.  Since the size of the UE’s DL CC set may be different from the UL CC set two mapping schemes are required per UE if a UE-specific index mapping is specified. One potential issue raised in [1] is that cell-specific mapping limits the number of CCs supported in a cell to eight, and that UE-specific mapping is future-proof. However, the CA scenarios currently proposed by RAN4 [2] support a maximum aggregation of five CCs. While the “future-proof” concept is laudable in engineering design it should be weighed against complexity issues. Therefore, in order to reduce eNB complexity and testing requirements we propose: 
Proposal 1: The CI field defines a cell-specific implicit CIF-to-CC index mapping. 

2.2. Applicability of CIF to DCI Formats
In the UE-specific search space, the UE searches for DCI 0/1A and one of DCI 1/1B/1D/2/2A/2B (and DCI formats defined for LTE-A features such as non-contiguous resource allocation and UL SU-MIMO) based on the configured transmission mode. Therefore, the CIF should be applicable in the UE-specific search space for these formats. An issue arises if the CI field is applied to DCI formats located in the common search space on a CC serving a mix of Rel-8/9 UEs and Rel-10 UEs. For formats 0/1A there are two proposed solutions, namely, 
1. DCI formats 0/1A are based on Rel-8 structure (no CI field) when located in the common search space [3], [4].
2. Use C-RNTI for 0/1A with CI field and use temporary C-RNTI/SI-RNTI/RA-RNTI/P-RNTI when there is no CI field [3].
Option 1 could result in a scheduling restriction for a UE if it is already blocked in the UE-specific search space. On the other hand option 2 increases the number of blind decodes (BDs) by 6 because the UE must search for a Rel-8 DCI 0/1A format, and also search for a new DCI 0/1A format with a CI field. 
Similarly, for backward compatibility, DCI formats 3/3A may not contain a CIF. However, CIF is required for conveying TPC commands to a group of LTE-A UEs transmitting on a non-backward compatible UL CC. Two options are possible including
1. No cross-scheduled DCI format 3/3A

2. Send DCI format 3/3A for LTE-A UEs for a different UL CC by masking the TPC-PUSCH-RNTI with the CI field. 
Option 1 may affect closed-loop power control on the cross-scheduled CC, while option 2 increases the RNTI usage. However, we note that this increase is limited since it addresses a group of UEs. 

The applicability of CIF to format 1C for indicating common information on an extension CC (if supported) would depend on whether such information is sent by broadcast or dedicated signalling. This issue may be for RAN2 to decide.

Proposal 2: CIF is applicable to formats 0/1A/1B/1D/2/2A/2B. 

Proposal 3: For the common search space the CIF is applicable at least when the PDCCH is transmitted on a non-backward compatible DL CC. RAN1 should consider transmission of DCI format 3/3A for LTE-A UEs transmitting on a different UL CC by masking the TPC-PUSCH-RNTI with the CI field. 
2.3. Cross-carrier scheduling on CCs with different bandwidths
DCI format size ambiguity can occur when scheduling DL/UL grants using the CIF for CCs with different bandwidths. As proposed in [5] this problem can be resolved by locating the CIF at the header or tail of the payload. Furthermore, the resource allocation field of the Rel-8 DCI payload depends on the DL or UL bandwidth, 
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. There could be a limitation in available CCEs when the PDCCH with CI is on a smaller bandwidth CC compared to the cross-scheduled CC. Two solutions were proposed in [6] as follows
1) The CI can only address a CC whose bandwidth is equal to or smaller than the bandwidth of the CC conveying the CI.

2) The CI can address any CC.
An issue with option 1 is that for interference control in heterogeneous networks it is desirable to avoid transmitting PDCCH on a CC experiencing high interference. This CC could very well be the CC with the larger bandwidth. Option 2 removes this restriction if a coarser resource allocation granularity is used. The exact mapping scheme for coarser granularity is FFS. However, a reasonable guideline would be to restrict a CC to scheduling only one larger BW-class CC. For example, a 5 MHz CC can schedule a PDSCH on a 10 MHz CC but not on a 20 MHz CC.
Proposal 4: At least the CIF conveyed by the PDCCH on a CC can schedule PDSCH on another CC with equal or smaller bandwidth. It is FFS if the CIF conveyed by a PDCCH can schedule PDSCH on a larger BW CC.
2.4. Number of Blind Decodes
The support of CIF for DCI formats 1A/3/A and 1C may be required if extension carriers are supported. In such a scenario a maximum of 12 additional BDs would be required because the UE checks for DCI formats with/without CIF. This number can be reduced to 6 if common information for an extension CC is sent by dedicated signaling.
3. Conclusion
This contribution discusses some outstanding details on carrier indication. It is proposed that 
Proposal 1. The CI field defines a cell-specific implicit CIF-to-CC index.
Proposal 2. CIF is applicable to formats 0/1A/1B/1D/2/2A/. 

Proposal 3. For the common search space the CIF is applicable at least when the PDCCH is transmitted on a non-backward compatible DL CC. Study transmission of DCI format 3/3A for LTE-A UEs transmitting on a different UL CC by masking the TPC-PUSCH-RNTI with the CI.

Proposal 4. At least the CIF conveyed by the PDCCH on a CC can schedule PDSCH on another CC with equal or smaller bandwidth. It is FFS if the CIF conveyed by a PDCCH can schedule PDSCH on a larger BW CC.
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