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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 related to CIF and states our view on them.

2 Discussion

2.1 CIF for varying component carrier bandwidths

In case one component carrier schedules multiple component carriers and its own bandwidths differs from the cross-scheduled component carriers an explicit CIF may not be always necessary [4]: If DCI sizes used for in-band scheduling and cross-carrier scheduling differ (e.g. due to different bandwidth) the CIF would not be needed since the component carrier the DCI is for can be implicitly derived from the DCI message size. Drawback is that the number of blind decodings increases since the terminal needs to monitor DCI messages of different sizes. 

Alternatively the DCI message of the same format are aligned in size, i.e. the terminal has for one DCI message format only to monitor a single payload size thus keeping blind decodings low. Alignment is achieved by adopting the resource allocation field size. The resource allocation field size can be set either to the size of any of the component carriers or preferable to some “compromise” value that lays in-between the smallest and largest resource allocation field sizes among the involved component carriers. Details how to calculate the resource allocation field size are FFS.

Drawback of this method is higher overhead or lower resource allocation granularity depending on the chosen resource allocation field size, however, this drawback only occurs if component carriers with different bandwidth are cross-scheduled.
Proposal 1: DCI messages of the same format transmitted on one component carrier for one terminal – for both in-band and cross-carrier scheduling – but for different component carrier bandwidths should be aligned in size. 
Proposal 1a: DCI message size alignment is achieved by using a common resource allocation field size.
2.2 DCI formats

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

DCI messages transmitted in the UE specific search space and which CRC is scrambled by C-RNTI or SPS C-RNTI are directed to a specific terminal. The eNodeB scheduler is well aware of the configured component carriers and cross-carrier scheduling therefore possible. It is therefore proposed to apply CIF to all DCI messages that are transmitted in the UE specific search space and which CRC is scrambled by C-RNTI or SPS C-RNTI. 

Proposal 2: DCI messages transmitted in the UE specific search space should apply CIF if configured.

2.2.2 UE common search space

2.2.2.1 PDCCH CRC scrambled by C-RNTI or SPS C-RNTI (formats 0 and 1a)

DCI messages transmitted in the common search space and which CRC is 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 blind decodings. Therefore it is proposed not to apply CIF in this case. 

2.2.2.2 PDCCH CRC scrambled by TC-RNTI (formats 0, 1 and 1a)

This RNTI is used during contention resolution in random access. During contention resolution performed at initial access the eNodeB has no knowledge about carrier aggregation capabilities of a terminal. DCI messages (formats 0 and 1a) which CRC is scrambled by TC-RNTI should therefore not apply CIF. This even applies to DCI messages (formats 1 and 1a) transmitted in the TC-RNTI specific search space.

2.2.2.3 PDCCH CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI (formats 1a and 1c)

These RNTI are used to address multiple terminals at once. 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 needs to be transmitted without CIF.

Paging messages are addressed using DCI messages which CRC is scrambled by P-RNTI. Here it would be principally possible to group paging messages for Rel-10 and Rel-8. Paging for Rel-8 would be distributed using DCI messages without CIF whereas paging for Rel-10 (with a Rel-10 specific P-RNTI) could use DCI messages with CIF. However, even for Rel-10 terminals we do not see any gains when using CIF for paging. On the contrary, from a power consumption point of view it is desirable not to force a terminal to operate multiple component carriers if not needed, therefore the assignment should be transmitted on the same component carrier as the corresponding DCI message.

Random access responses are addressed using DCI messages which CRC is scrambled by RA-RNTI. When the eNodeB transmits the random access response it has no knowledge about the carrier aggregation capabilities of the terminal. CIF are therefore not applicable to random access response transmissions. 

2.2.2.4 PDCCH CRC scrambled by TPC-PUCCH-RNTI or TPC-PUSCH-RNTI (formats 3/3a)
Also these DCI messages address multiple terminals. Also here the application of CIF would break backwards compatibility and Rel-8 and Rel-10 terminals would have to be grouped and within one TPC message either Rel-8 or Rel-10 terminals would have to be addressed. However, we do not see any benefit by doing this and propose therefore not to use CIF for DCI messages scrambled by TPC-PUCCH-RNTI or TPC-PUCCH-RNTI.

Above we have analyzed applicability of CIF for all DCI messages transmitted in the common search. In every case we concluded that CIF are not applicable. 

Proposal 3: DCI messages transmitted in the UE common search and TC-RNTI specific space should never apply CIF.
3 Conclusions

In this contribution we have discussed CIF if a component carrier schedules multiple component carriers which have different transmission bandwidths.

Proposal 1: DCI messages of the same format transmitted on one component carrier for one terminal – for both in-band and cross-carrier scheduling – but for different component carrier bandwidths should be aligned in size. 
Proposal 1a: DCI message size alignment is achieved by using a common resource allocation field size.
Furthermore have we analyze the applicability of CIF to the different DCI formats and concluded:

Proposal 2: DCI messages transmitted in the UE specific search space should apply CIF if configured.

Proposal 3: DCI messages transmitted in the UE common search and TC-RNTI specific space should never apply CIF.
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