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1. Introduction

During RAN1 #59, good progress was made in the area of the Carrier Indicator Field and cross-Component Carrier Scheduling. The following items were agreed:
· 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

The open issues left for further study are:

· Which DCI format(s) can have CIF and which DCI format(s) can never have CIF and whether all carriers in a UE’s DL CC set carry CIF

· Upper limit on total number of blind decodes = N x ?.

· Whether CIF to component carrier index mapping is UE specific or system specific

In this paper, we discuss and outline our views on the CIF-to-CC index mapping and we analyze which DCI formats are eligible for inclusion of the CIF. Our contribution [1] discusses the issue of blind decoding in the context of cross-CC operation; while in [2] we provide the details of cross-CC scheduling with DCI formats 3/3A.
2. Discussion
2.1. Which DCI formats are eligible for CIF inclusion
Several contributions c.f. [3] - [5] already discussed which DCI formats can be configured with the CIF. It is a common understanding that all DCIs transmitted in UE-specific search spaces can be configured with an explicit 3-bit CIF.
Regarding DCI 1C and 1A scrambled by SI/P/RA-RNTI and used for broadcast purposes, our suggestion is not to include the CIF in these DCIs. In general, it is preferred not to include the CIF into theses DCIs to maintain backward compatibility and avoid separate DCIs for broadcast purposes. Furthermore, these DCIs are used in RRC_IDLE as well (e.g. paging), in this case multi-CC reception is not enable yet at the UE thus cross-CC scheduling can not be used at this point. RAN2 agreed that “on BCCH, w.r.t. CC specific system information every DL CC will only provide its own CC specific system information” [6]. Therefore, there seems to be no overhead reduction use case due to cross-CC scheduling with DCI 1C and 1A. Furthermore, each CC will have to provide Rel-8 system information for backward-compatibility reasons thus including the CIF into DCI 1C/1A would create two distinct DCI size sets for system information delivery leading to more blind decoding trials and higher load in the common search space. It should be noted that in case a PDCCH monitoring set will be supported, system information transmission of a CC in the UE’s DL CC set but outside of the PDCCH monitoring set might need some further RAN2 attention.
When it comes to DCI 0/1A scrambled by C-RNTIs and transmitted in common search spaces, our suggestion again is not to include the CIF in these DCI formats. One issue with adding the CIF into these DCIs is that it requires the UE to increase the number of blind decoding trials by 6 as already described in [3]. Furthermore, the capacity of common search spaces is very much limited while cross-CC scheduling in certain scenarios means that more PDCCHs are sent from a specific CC. Therefore, cross-CC operation with the use of common search spaces for user-specific data is not expected to be a frequent case.
For DCI 3/3A, we suggest to include the CIF by taking CC-specific UL power control, asymmetric DL/UL configuration and potential cross-CC scheduling operation into account. To achieve this without sacrificing backward compatibility and reliability, we propose to embed CIF into DCI 3/3A payload in a fixed position, while its whole payload size is aligned to that of DCI 0/1A. More detailed discussions are given in [2].
Table 1 summarizes our view on which DCI formats can be configured with the additional 3-bit CIF field and enable cross-CC operation.
Table 1 Applicability of CIF and cross-CC scheduling to DCI formats
	DCI Format
	Scrambling
	Search Space
	CIF Inclusion

	0, 1, 1A, 1B, 1D, 2, 2A, 2B

0, 1, 1A, 2, 2A, 2B
	C-RNTI

SPS C-RNTI
	UE-specific
	Yes

	1C, 1A
	SI/P/RA-RNTI
	Common
	No 

	3, 3A
	TPC-PUCCH-RNTI/TPC-PUSCH-RNTI 
	Common
	Yes, see [2]

	0, 1A
	C-RNTI, SPS C-RNTI
	Common
	No


2.2. Whether all carriers in a UE’s DL CC set carry CIF
In our view, the decision that “configuration for the presence of CIF is UE specific” [7] can be extended so that the CIF inclusion in addition to being UE-specific is Component Carrier-specific as well. This would give the eNB the possibility to allow cross-CC scheduling only from a subset of the UE’s DL CC set. This can be useful when a certain CC is not particularly suited for transmission of grants with the CIF. From the UE point of view, there is no additional complexity due to this as the UE will be anyway able to receive/transmit on a pair of DL/UL CCs which does not use any cross-CC assignments.
2.3. Whether CIF-to-CC index mapping is UE specific or system specific
With respect to CIF-to-CC index mapping, we propose that this mapping is UE-specific, the advantages of this approach are flexibility and the possibility, from the eNB point of view, to operate more CCs that the addressing space of the 3 bit CIF field. This can be realized so that during the RRC CC configuration, the eNB assigns a CIF value to each CC in the UE DL/UL CC set (possibly differently for the DL and UL CCs). One issue with this approach is that potentially during dedicated RRC reconfiguration periods (which are asynchronous) there might be no common view between the UE and the eNB on how to interpret the CIF/DCI. However, it should be noted that an eNB implementation is free to configure the CIF-to-CC mapping in the same way for all UEs. The UE-specific approach is a superset of the system/cell-specific approach and the eNB does not have to change the CIF-to-CC index mapping of a given UE during reconfiguration. Another available fallback solution to this issue would be to use DCI 0/1A transmitted in the common search spaces for communication during the reconfiguration periods, as proposed above these DCIs will not contain the CIF. For DCI 3/3A, the CIF-to-CC index mapping preferably should be common to all intended UEs and again this can be ensured by a proper eNode B implementation.
3. Conclusion
In this contribution, we discussed the open issues related to the Carrier Indicator Field. Based on the discussion in this paper, we propose:
· All DCI formats in the UE-specific search spaces can be configured with the 3-bit CIF,
· DCI formats 0/1A/1C transmitted in the common search spaces can not be configured with the CIF and do not enable cross-CC operation,

· DCI format 3/3A can be configured with an embedded CIF to support CC-specific UL power control, asymmetric DL/UL configuration and potential cross-CC scheduling operation. DCI format 3/3A should maintain the same size as DCI format 0/1A,
· CIF inclusion in addition to being UE-specific is Component Carrier-specific,
· CIF-to-CC index mapping is UE-specific.
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