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1 Introduction

The use of a Carrier Indicator Field (CIF) with 3 bits has been agreed to support cross-carrier scheduling. Additionally, it has been agreed that the CIF configuration is UE-specific. 
This contribution discusses the following open issues on the CI IE configuration

a) DCI formats that include the CIF.
b) Whether the CIF to Component Carrier (CC) index mapping is UE-specific or system-specific.
c) Whether the CIF is included to distinguish among DCI formats with different sizes.
2 CIF Configuration Aspects
2.1 DCI Formats with CIF
The CIF is generally applicable to all DCI formats scheduling PDSCH reception or PUSCH transmission by a UE (DCI formats 0, 1, 1A, 1B, 1D, 2, and 2A, DCI format 2B for dual-layer BF, and the DCI format for UL SU-MIMO).
Proposal: CIF configuration is enabled in all Rel.10 DCI formats performing PDSCH or PUSCH scheduling.
The more interesting issue regarding the CIF configuration concerns the DCI formats in the UE-common search space. Clearly, for backward compatibility, DCI formats 1C and 3/3A addressing Rel.8/Rel.9 UEs should not include the CIF. Cross-carrier operation for paging and RACH response is not necessary. Also, cross-carrier operation for SIB transmission is not necessary (RRC signaling). 
Proposal: Cross-carrier scheduling is not enabled for DCI format 1C.

However, cross-carrier scheduling for DCI formats 3/3A is necessary as the capacity of 3/3A may be inadequate even for SPS over 2 UL CCs. For example, the ITU target for VoIP capacity in indoor channel is 50 UEs per MHz (similar targets exist for other deployment scenarios). At 20 MHz and for 20msec VoIP periodicity, this is equivalent to 50 UEs per sub-frame (Rel.10 has been shown to far exceed this minimum requirement). Since the size of DCI format 3/3A is equal to the size of DCI format 0 which at 20 MHz is equal to 28 bits (excluding CRC) it is clear that, even for larger VoIP periodicities, the transmission of multiple DCI formats 3/3A is needed and that a single DCI format 3/3A cannot accommodate TPC commands for UEs in multiple UL CCs with cross-carrier scheduling.  
Proposal: Cross-carrier scheduling is enabled for DCI formats 3/3A (through separate DCI formats 3/3A). Need for CIF is FFS.
Regarding DCI format 0 in the UE-common search space, the CIF may be included as the CRC is always scrambled with the C-RNTI. Regarding DCI format 1A in the UE-common search space, the CIF inclusion depends on whether the CRC is scrambled with the C-RNTI or with the SI/P/RA-RNTI. A first option is to not specify anything regarding the CIF inclusion in DCI format 1A in the UE-common search space. A second option, which can somewhat reduce the number of Blind Decoding Operations (BDOs), is to only use DCI format 1A (and therefore DCI format 0) without the CIF, regardless of which RNTI scrambles the CRC. Because of the duality of DCI format 0/1A and because the size of DCI formats 3/3A is equal to the size of DCI format 0, the second option also preserves the Rel.8 design. Further, considering the CCE limitation in the Rel.8 UE-common search space, there is no practical loss in scheduling flexibility by not allowing support of CIF. A third option suggested in [1] is to scramble the CRC with the C-RNTI for DCI format 1A with CIF and with the SI/P/RA-RNTI for DCI format 1A without CIF. However, this option is not beneficial as it does not practically improve scheduling flexibility while it introduces 6 additional BDOs and non-backward compatible behavior as it does not preserve the Rel.8 property of having equal sizes between DCI format 0 and DCI formats 3/3A.

Proposal: The transmission of DCI formats 0 and 1A in the Rel.8 UE-common search space is without CIF.

2.2 CIF Mapping 
The interpretation of the CIF values can be according to the CC index. Depending on how a UE is configured the DL/UL CCs, additional signaling for interpreting the CIF values may not be necessary. For example, the CIF may address the CCs a UE is configured according to increasing carrier frequency. As the UE capability may be such that the UE receives/transmits in a smaller number of DL/UL CCs than supported in a cell and as Rel.10 deployments may support more than 8 DL CCs or UL CCs per cell, the mapping of CID values to CCs should be UE-specific.

Proposal: The CIF mapping to the CC index is UE-specific. 
Proposal: The order of CCs for CIF mapping is implicit based on the carrier frequency. 
2.3 CIF for DCI Formats with Different Size
The CIF inclusion for cross-carrier scheduling is not needed when the DCI formats have different sizes. This is exactly analogous to the DCI format indicator flag in Rel.8 which exists only to differentiate between DCI formats 0 and 1A (same size) and is not used otherwise as the DCI format is determined by its size. Moreover, Rel.8 DCI formats with the same size, such as DCI format 1B and DCI format 1D, do not include a DCI format indicator flag as their use is semi-statically configured. With cross-carrier scheduling, the CIF has the same functionality as the DCI format indicator flag in Rel.8. The same principles can be preserved in Rel.10 for cross-carrier scheduling since they provide full functionality without introducing unnecessary overhead or complexity (the Node B encodes and the UE decodes the conventional DCI formats without CIF). Note that this is not just an optimization for saving the 3 CIF bits from the DCI formats but rather proper system operation following the Rel.8 principles. 
Regardless of CIF inclusion in a DCI format, ambiguity may occur with cross-carrier scheduling between DCI format 1A (fall-back) and another DCI format corresponding to a different transmission mode (for CCs with different BWs) [2]. The same will occur between DCI format 0 and the DCI format for UL SU-MIMO (it is assumed that PUSCH transmission over non-contiguous RBs in one CC re-uses DCI format 0). The following analysis focuses on the DL but it can also be extended for the UL (after the DCI format for UL SU-MIMO is defined).
The number of information bits in the DCI formats (including padding bits to avoid ambiguous DCI format sizes in Rel.8) is summarized in Table 1 for the Rel.8 BWs (CRC bits are not included). DCI formats (other than 1A) for a smaller CC BW having the same size as DCI format 1A for a larger CC BW as highlighted as are summarized below:
a) {1B/1D at 1.4/3/5/5/10 MHz} have same size as {1A at 3.0/5/10/15/20 MHz}, respectively
b) {1 at 5/5 MHz} has the same size as {1A at 10/15 MHz}

c) {2A at 1.4 MHz} has same size as {1A at 20 MHz}
d) {2B at 1.4 MHz} has same size as {1A at 5 MHz}

In case the CIF is not included in DCI formats having different sizes, the number of DCI formats (other than 1A) at a smaller BW having the same size as DCI format 1A at a larger BW is small and practically limited to DCI formats 1B and 1D. This size ambiguity can be resolved as in Rel.8 (padding) or the CIF can be included in the DCI formats.
Table 1: Number of Information Bits for DCI formats at different BWs.
	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	Format 0/1A
	21
	22
	25
	27
	27
	28

	Format 1
	19
	23
	27
	31
	33
	39

	Format 1B
	22
	25
	27
	28
	29
	30

	Format 1C
	8
	10
	12
	13
	14
	15

	Format 1D
	22
	25
	27
	28
	29
	30

	Format 2
	31
	34
	39
	43
	45
	51

	Format 2A
	28
	31
	36
	41
	42
	48

	Format 2B
	25
	28
	33
	38
	39
	45

	Format 3/3A
	21
	22
	25
	27
	27
	28


If the CIF is always included in the DCI formats, regardless of the DCI format size, DCI format ambiguity still occurs as there are several DCI formats (other than 1A) for smaller CC BWs having the same size as DCI format 1A for larger CC BWs. The ambiguous DCI format sizes are highlighted in Table 2 (the two possible sizes for DCI formats 3/3A correspond to the possibility of including or not the 3-bit CIF in these DCI formats). 
Table 2: Number of Information Bits for DCI formats at different BWs with inclusion of 3-bit CI.

	 
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz

	Format 0/1A
	23
	25
	27
	29
	30
	31

	Format 1
	22
	27
	30
	34
	36
	42

	Format 1B
	25
	28
	29
	31
	33
	33

	Format 1C
	8
	10
	12
	13
	14
	15

	Format 1D
	25
	28
	29
	31
	33
	33

	Format 2
	34
	37
	42
	46
	48
	54

	Format 2A
	31
	34
	39
	43
	45
	51

	Format 2B
	28
	31
	36
	41
	42
	48

	Format 3/3A
	21 or 23
	22 or 26
	25 or 27
	27 or 29
	27 or 30
	28 or 31


Proposal: The CIF is used only for differentiating DCI formats with same size. 
Proposal: The CIF is appended to applicable DCI formats.
3 Conclusions

This contribution considered configuration aspects for the Carrier Indicator Field (CIF) and proposes the following:

a) CIF configuration is enabled in all Rel.10 DCI formats performing PDSCH or PUSCH scheduling.
b) Cross-carrier scheduling is not enabled for DCI format 1C.
c) Cross-carrier scheduling is enabled for DCI formats 3/3A (through separate DCI formats 3/3A). Need for CIF is FFS.
d) DCI formats 0/1A in the Rel.8 UE-common search space are not configured CIF. 
e) CIF mapping to CC index is UE-specific. 
f) The order of CCs for CIF mapping is implicit based on the carrier frequency. 
g) The CIF is used only for differentiating DCI formats with same size. 
h) The CIF is appended to applicable DCI formats.
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