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1. Introduction
In RAN1 #57 the issue of DL control signalling for carrier aggregation was discussed. The following agreement was reached, 

•
Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

•
In case of 0 bits, no carrier indicator

In the absence of carrier indication, separate coding per component carrier (CC) results in a linear increase in the number of blind detections if no optimization is done. Some benefits of carrier indication have been previously enumerated including [1-2]

1. Enhanced inter-cell interference control for heterogeneous networks
2. Scheduler flexibility – reduction in blocking probability which can be beneficial for user pairing in MU-MIMO scenarios

3. Reduction in blind decoding effort
4. Efficient PUCCH resource utilization
5. Resource assignment on a PDCCH-less CC

6. UL-heavy asymmetric carrier aggregation

It is our view that cross carrier assignment is a useful feature for LTE-A systems. This contribution discusses methods of signalling a resource allocation on a different CC from the CC carrying the PDCCH.
2. Carrier Indication
In principle cross carrier signalling could be done implicitly or explicitly, where explicit signalling may involve the usage of a carrier indicator field. On the other hand implicit signalling would not involve a change to the Release 8 DCI formats. In this section we list the different carrier indication methods and discuss their merits/demerits.
2.1. Carrier Indication field

In this scheme a carrier indication (CI) field of 0-3 bits is added to existing Release 8 DCI formats. The exact field size is configurable and could be based on the size of the UE DL CC set which is sent via dedicated signalling (as agreed in RAN1 #57bis). A limitation of this approach could be that more DCI format sizes are created resulting in an increase in the number of blind decoding attempts. There are two solutions to this problem. 

The number of blind detections is proportional to the number of aggregation levels and the PDCCH format sizes. Therefore, by adding a CI field to every Release 8 DCI format the number of blind detections does not change. The impact is a slight reduction in the energy per bit as noted in [2]. The viability of this approach should be evaluated with performance simulations.
A different, but related, solution involves the larger question of new DCI formats for LTE-Advanced features in general. New DCI formats are required for UL SU-MIMO, UL non-contiguous resource assignment, simultaneous transmission of PUCCH and PUSCH, downlink beamforming, CoMP and higher order MIMO. In order to decouple the required number of blind detections from the DCI format sizes, a new DCI format indicator field was proposed in [4]. In this method a format indicator field, which is separately encoded is used to determine the DCI format. As such the blind detection complexity is a function of the number of aggregation levels. Clearly, this scheme can be extended to consider cross-carrier resource assignment because the addition of a CI field then becomes another instance of a new LTE-A DCI format. The exact details of possible combinations are left to the work item phase.
2.2. CRC masking

CRC masking has also been proposed for carrier indication. In [3] it was proposed to use masking similar to Release 8 antenna selection. However, this is limited to the case where the UE only has to monitor one additional DL CC. A different method is to scramble the PDCCH CRC with a different RNTI [5]. However, there may be limitations to RNTI usage within a cell. 

One modification to RNTI masking could be envisaged where each CC is given a unique PCID. In other words, each CC is seen as a “cell” from a layer 2 perspective. In this case the C-RNTI selected for each additional CC (except the anchor CC) is derived from the PCID of this additional CC (exact details are FFS). By scrambling the PDCCH CRC with this CC-specific RNTI the Release 8 DCI format sizes and number of blind detections is unchanged. However, it is noted that the choice of a separate PCID per CC may not be up to RAN1 alone to decide.
2.3. Search space partition

This is an implicit signalling scheme whereby the UE determines the DL CC carrying a PDSCH allocation based on which region of the search space of that it correctly decodes a PDCCH [6]. With this method no change is required to Release 8 DCI format sizes and the number of blind detections is unchanged. Note that this would further reduce the search space per CC increasing blocking probability compared to Release 8 performance. 
3. Conclusion
In this contribution we have analyzed different schemes for cross carrier resource assignment. The choice would be influenced by the maximum size of a UE’s DL CC set. For up to four additional CCs (in addition to the anchor carrier) our preference would be for a new CI field to the Release 8 DCI formats. 
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