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1 Introduction

In order to enable cross-scheduling – where PDCCH of one component carrier is transmitted on another one – Carrier Indicator Field (CIF) has been agreed [1]. 
· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field

· i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field

· Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable
In addition to these principal agreement on CIF the following more details decisions have been taken at RAN1 #59 meeting [2]:
· 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 discusses open issues on the mapping of CIF to component carriers and states our views. 
2 Discussion
It has not yet been decided whether the mapping of the carrier indicator onto component carriers should be UE specific or cell specific. Defining the carrier indicator as UE specific would bring mainly three benefits:

· The mapping would be somewhat more future proof, since the system can support more component carriers than configured to a UE, hence the system could support more than 8 component carriers, with up to 8 component carriers being configured for a legacy UE.

· If needed, it would be simple to extend the length of the carrier indicator beyond 8 carriers per UE in future releases of LTE. 
· A UE only has to be aware of its own configured component carriers. 
The case where the carrier indicator mapping onto component carriers is reconfigured requires some consideration, since at such an occasion it will take a short time interval for the UE to apply the new configuration of the carrier indicator. During this reconfiguration the UE behavior is not defined and consequently it would not be possible for the eNB to schedule the UE on the affected component carriers. In order to avoid this problem the eNB should avoid frequent reconfiguration of the carrier indicator mapping onto component carriers. This resembles the change of transmission mode in downlink in LTE Rel-8. During such a change it is always possible to schedule the UE with DCI format 1A which is available in all transmission modes. As it is already determined in LTE Rel-8 that it is important from the eNB to always have the possibility to schedule the UE in all scenarios, clearly the same should apply for LTE Rel-10. A simple solution would be to define the carrier that carriers the PDCCH to always have the carrier indicator value 0, i.e. it is not possible to reconfigure the meaning of such component carrier if it is the carrier that carries the PDCCH. This would enable the eNB to schedule the UE on those component carriers that carry the PDCCH.
The carrier indicator mapping onto component carriers can be done in a simple way that does not require additional signaling, e.g. the component carriers without PDCCH could be numbered in ascending frequency order.
Proposal 1: 
· The mapping of the carrier indicator onto component carriers should be UE specific
· The carrier indicator value 0 should be used for scheduling data on the carrier that carries both PDSCH and PDCCH.
· The remaining component carriers that do not carry PDCCH can be mapped onto the carrier indicator in ascending frequency order.
The reason for introducing cross-carrier scheduling with the carrier indicator field was to facilitate ICIC on the control channel in heterogeneous network deployment. In such a scenario one of the component carriers would carry the PDCCH and PHICH for both component carriers. The reason is to mitigate interference from another layer in the network deployment. A more detailed discussion of the different scenarios is provided in [3]. A configuration with the PDCCH on one component carrier serving PDSCH and PUSCH on two component carriers is shown in Figure 1.
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Figure 1: Cross carrier scheduling only from one component carrier
Figure 2 shows a configuration with the PDCCH on two component carriers serving PDSCH and PUSCH on four component carriers. As the main purpose of supporting heterogeneous network scenarios is already achieved with the configuration in Figure 1, the potential benefits of supporting the configuration in Figure 2 should be further studied.

[image: image2]
Figure 2: Cross carrier scheduling from two component carriers
The cross carrier scheduling would potentially also enable the following possibilities from a UE perspective as illustrated in Figure 3:

· to have the same PDSCH or PUSCH scheduled from two or more PDCCHs on different component carriers,

· to have two or more PDSCH or PUSCH on one component carrier scheduled from two or more PDCCHs with same reception type (as defined in [4]) on different component carriers,

· to have PDSCH or PUSCH on two component carriers scheduled from PDCCHs with carrier indicator mapped on the corresponding other component carrier (over-cross carrier scheduling).
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Figure 3: Additional cross carrier scheduling possibilities from two component carriers
As the main reason for introducing cross-carrier scheduling possibility was the possibility to support heterogeneous networks, where one component carrier carries the PDCCH with carrier indicator and the other component carriers do not have that possibility, we see no use cases for having the possibility to schedule PDSCH or PUSCH for one UE on one component from PDCCHs with carrier indicator mapped on multiple component carriers. Furthermore we see no benefit of supporting the possibility to have PDSCH or PUSCH on two component carriers scheduled from PDCCHs with carrier indicator mapped on the corresponding other component carrier (over-cross carrier scheduling), as it would be more straightforward to schedule the PDSCH or PUSCH from the PDCCH on the respective same component carrier in such a scenario. Supporting these possibilities may furthermore introduce extra blind decoding and/or increase the false detection error probability on PDCCH, and in case of scheduling one PDSCH or PUSCH from multiple PDCCH cause ambiguities in the HARQ processing. 
Proposal 2: 
· Support the possibility for scheduling PDSCH or PUSCH for one UE from a PDCCH mapped on another component carrier. 
· Do not support the possibility to configure PDSCH or PUSCH for one UE on one component to be scheduled from PDCCHs with same reception type mapped on multiple component carriers, which includes also the case of over-cross carrier scheduling.
3 Conclusions
In this contribution we have analyzed the mapping of CIF to component carriers and concluded:
Proposal 1:
· The mapping of the carrier indicator onto component carriers should be UE specific.

· The carrier indicator value 0 should be used for scheduling data on the carrier that carries both PDSCH and PDCCH. 
· The remaining component carriers that do not carry PDCCH can be mapped onto the carrier indicator in ascending frequency order.
Proposal 2:
· Support the possibility for scheduling PDSCH or PUSCH for one UE from a PDCCH mapped on another component carrier. 

· Do not support the possibility to configure PDSCH or PUSCH for one UE on one component to be scheduled from PDCCHs with same reception type mapped on multiple component carriers, which includes also the case of over-cross carrier scheduling.
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