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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 is included to distinguish among DCI formats with different sizes.
c) CC Linkage between PDSCH/PUSCH and PDCCH
2 CIF Configuration Aspects
2.1 DCI Formats with CIF
DCI format 3/3A

Cross-carrier operation for DCI formats 3/3A is necessary as SPS UEs need to be supported in different DL/UL CCs. The current capacity of DCI formats 3/3A may be inadequate even for supporting SPS UEs over 2 DL CCs or 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). Assuming that half of the VoIP UEs are active at any sub-frame then, at 20 MHz and for 20msec VoIP periodicity, this is equivalent to 25 VoIP 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 multiple DCI formats 3/3A are needed to accommodate TPC commands for SPS UEs in multiple DL CCs or UL CCs in case of cross-carrier scheduling.
Therefore, transmission of TPC commands to SPS UEs in different DL/UL CCs should be supported both by the RRC configuring TPC commands in the same DCI format 3/3A for UEs in different DL/UL CCs and by using separate DCI formats 3/3A for different DL/UL CCs. Explicit CIF is not needed as either RRC configuration within a single DCI format 3/3A or separate DCI formats 3/3A using different TPC-RNTIs [1] are fully capable for addressing UEs in different DL/UL CCs. Note that unlike CRC masking for DCI formats scheduling PDSCH/PUSCH, CRC masking for DCI formats 3/3A has minimal impact on the available RNTIs in a cell.
Proposal: Cross-carrier operation is enabled for DCI formats 3/3A through RRC configuration and through different DCI formats 3/3A having respectively different TPC-RNTIs.
DCI format 1A in the UE-Common Search Space
There is no fundamental restriction for including the CIF in DCI format 0 in the UE-common search space 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 reduce the number of Blind Decoding Operations (BDOs), is to always use DCI format 1A (and therefore DCI format 0) without the CIF, regardless of which RNTI scrambles the CRC of the DCI format. 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 for DCI formats 0/1A in the UE-common search space. 
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 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 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 formats 1B and 1D, do not include an indicator flag as their use is semi-statically configured. Therefore, the issue is not when to remove CIF but rather when to add CIF in order to enable cross-carrier scheduling. 
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). For example, for the commonly used DCI formats 0/1A, the CIF overhead is about 10%. Such an increase to PDCCH overhead for no meaningful reason is of course undesirable, especially considering the PDCCH capacity limitations which are likely to occur with cross-carrier scheduling. 
Regardless of whether the CIF is included or not 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 ambiguity can be resolved by including the CIF. Not only is the number of combinations less than the respective ones in Rel-8 where padding is introduced to resolve ambiguities, but also the PDCCH overhead is reduced by 5%-10% which is significant on its own considering the existing PDCCH capacity limitations and will become even more important in case of cross-carrier scheduling (which is the only reason for introducing the CIF).  
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. 
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
	22
	25
	27
	27
	28


Proposal: The CIF is used only for differentiating DCI formats with same size. 

Proposal: The CIF is appended to applicable DCI formats.

2.3 CC Linkage between PDSCH/PUSCH and PDCCH
Two options are currently being considered:
a) Each PDSCH/PUSCH can be scheduled only from a single DL CC

b) Each PDSCH/PUSCH can be scheduled from multiple DL CCs
As the first option needs to anyway be supported (e.g. in a het-net with 2 DL CCs where the PDCCH is protected in 1 DL CC at least for some UEs), the only consideration is actually whether to also support PDSCH/PUSCH scheduling from multiple DL CCs.

The second option provides some scheduling flexibility in allowing a UE to be scheduled from a PDCCH transmitted from multiple DL CCs. This can be beneficial for dynamic PDCCH load balancing (semi-static load balancing can be configured by the Node B using the first option). Assuming that each UE is configured a DL anchor CC where its UE-common search space resides, the second option does not increase the number of blind decoding operations (BDOs), while maintaining the same blocking probability as option 1, if the total number of candidates in each UE-specific search space is inversely proportional to the number of DL CCs from which a UE can potentially receive PDCCH. 

The second option may actually reduce the blocking probability caused by the limitation in the PDCCH to be at most 3 OFDM symbols (no effect/difference on the blocking probability due to search space limitations for the same number of BDOs as for the first option). However, considering the additional specifications and testing required to support the second option and the currently unclear need to have this additional PDCCH scheduling flexibility, the first option should be considered as baseline. However, the second option should also be kept as FFS until further progress on the overall PDCCH design and the PDCCH decoding process is made.

Proposal: Each PDSCH/PUSCH scheduled with PDCCH from a single DL CC is baseline. Using multiple PDCCH (in respectively multiple DL CCs) is FFS.
3 Conclusions

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

a) Cross-carrier operation is enabled for DCI formats 3/3A through RRC configuration and through different DCI formats 3/3A having respectively different TPC-RNTIs.
b) The transmission of DCI formats 0/1A in the UE-common search space is without CIF.
c) The CIF is used only for differentiating DCI formats with same size. 
d) The CIF is appended to applicable DCI formats. 
e) Each PDSCH/PUSCH scheduled with PDCCH from a single DL CC is baseline. Using multiple PDCCH (in respectively multiple DL CCs) is FFS.
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