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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. During the RAN1 #59bis meeting the following was agreed. 

· CIF mapping to CCs:

· 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

· The following two behaviours are FFS (try to resolve to next meeting): 

· 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

· 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 

· Note that other behaviours are not precluded from the discussion. 

· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

· SI-RNTI is FFS

· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS

This contribution discusses open issues on the mapping of CIF to component carriers and states our views. 
2 Discussion
2.1 Linkage between PDSCH/PUSCH and PDCCH

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 [2]. 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 benefit of supporting the configuration in Figure 2 would be enhanced scheduling flexibility.
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Figure 2: Cross carrier scheduling from two component carriers
Proposal 1: The possibility to configure multiple downlinks CC to carry CIF needs to be considered.

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 [3]) 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 carrier 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: 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.
2.2 DCI formats supporting cross-carrier scheduling

In this section we analyze to which DCI formats the CIF should be appended and for which DCI formats CIF is not applicable.

2.2.1 UE specific search space

It was agreed that DCI messages transmitted in the UE specific search space and should be possible to configure CIF for. The remaining issue is if cross-carrier scheduling should only be supported by the configuration of an explicit CIF or also by the UE being able to distinguish the DCI formats for the different CC by the sizes difference. 

It is possible for all bandwidth difference between CCs and different transmission mode to support cross-carrier scheduling by always applying an explicit CIF field. This is not the case if cross-carrier scheduling should be supported by the size difference between the DCI formats, where the UE would then distinguish by the size of the DCI format which CC the DCI format is intended for. This will however not work in the scenario where at least two CCs have been configured with the same bandwidth and the UE uses the same transmission mode on at least two CCs. Such a scenario could be the case of a heterogeneous network deployment where the operator divides its existing bandwidth to equally sized bandwidths [2]. If the split of bandwidth is equal between the CCs an explicit CIF field has to be used. 

A single solution is preferred to resolve this issue hence we propose to always have an explicit CIF field.

Proposal 3: Cross-carrier scheduling is only supported by CIF.

2.2.2 UE common search space
It was agreed in RAN1 #59bis that DCI formats that have their CRC scrambled with P-RNTI, RA-RNTI or TC-RNTI should not be possible to configure with CIF. For the UE common search space it is not decided if the DCI format should have the possibility to contain CIF in case the CRC is scrambled by SI-RNTI, C-RNTI and SPS C-RNTI.

DCI messages which CRC are scrambled by SI-RNTI are used for system information distribution. System information must be accessible to a terminal independent of its carrier aggregation capabilities, therefore DCI messages which CRC is scrambled by SI-RNTI need to be transmitted without CIF.

Proposal 4: DCI format is not possible to configure with CIF when CRC is scrambled by SI-RNTI.

DCI messages transmitted in the common search space with CRC scrambled either by C-RNTI or SPS C-RNTI are directed to a specific terminal and CIF could be applied. However, this changes DCI message size and the UE would have to monitor DCI messages with an additional payload size which would increase the number of blind decodings by 6 per supported CC. Therefore it is proposed not to apply CIF in this case. 

Proposal 5: DCI formats 0, 1A in common search space is not possible to configure with CIF when CRC is scrambled by C-RNTI and SPS C-RNTI.
3 Conclusions

In this contribution we have analyzed the mapping of CIF to component carriers and propose:
1. The possibility to configure multiple downlinks CC to carry CIF needs to be considered.

2. 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.
3. Cross-carrier scheduling is only supported by CIF.

4. DCI format is not possible to configure with CIF when CRC is scrambled by SI-RNTI.

5. DCI formats 0, 1A in common search space is not possible to configure with CIF when CRC is scrambled by C-RNTI and SPS C-RNTI.
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