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1 Introduction

This contribution considers the main 2 pending issues regarding the cross-scheduling operation using a Carrier Indicator Field (CIF), namely:
a) Linkage between PDCCH and PDSCH/PUSCH.

b) CIF configuration aspects.

a. Configuration of CIF presence/absence

b. Configuration of CIF-to-CC mapping

2 Linkage between PDCCH and PDSCH/PUSCH
The focus will be on the following two options (all discussion is for the case that cross-carrier scheduling is enabled):
a) Each PDSCH/PUSCH can be scheduled only from a single DL CC

b) If the DCI formats scheduling PDSCH (or PUSCH) in multiple DL CCs (or linked UL CCs) have the same size, scheduling for each such PDSCH/PUSCH can occur from any of these multiple DL CCs.
A third option which is the generalization of the second one for arbitrary DCI sizes is not considered as it is understood that it will lead to an unacceptable increase in the number of blind decoding operations (BDOs). Note that bit padding is not considered as a desirable method to force the same DCI format size as the transmission modes and/or the CC BWs may vary and significant padding may be required leading to unacceptable increase in unnecessary overhead particularly considering existing PDCCH size limitations [1].
The first option should be considered as baseline as it is a sub-set of the second option (which in turn is a sub-set of the third option). Therefore, the analysis should focus on the tradeoff for extending the baseline option to include the second option. 
The benefit of the second option is that it can reduce the blocking probability due to UE-specific search space (SSS) limitations as the SSS in multiple DL CCs can be used. However, this reduction in blocking probability is hard to quantify but, for properly designed SSS, its impact on the overall system throughput should be negligible. Moreover, considering that the main use case for cross-carrier scheduling is to enable ICIC on the PDCCH in case of CA, there will be little or no opportunity for a UE to receive DCI formats in a DL CC used to provide ICIC for the PDCCH transmission in another cell. A trivial example is shown in Figure 1 where for CC1 and CC2 a UE receives DCI formats either from PDCCH1 or from PDCCH2 while for CC3 no ICIC is needed and the Rel-8 operation applies. 

[image: image1]
Figure 1: PDCCH Reception in CC1 and CC2 are ICIC protected. PDCCH reception in CC3 is as in Rel-8.
A drawback of the second option is that it increases the number of CIF states that correspond to valid DCI formats thereby decreasing the verification possibilities a UE have to guard against false CRC passes. This can be seen in the example of Figure 2 where a UE receiving PDCCH2 needs to consider 3 CIF states as valid (as opposed to 2 CIF states in Figure 1). Using every verification possibility to guard against false CRC passes is important. 


[image: image2]
Figure 2: PDCCH2 provides DCI formats for 3 CCs. 

Overall, the positive/negative tradeoffs with the second option are marginal. It is also only applicable when the DCI formats have the same size and there is cross-carrier scheduling. In general, reduced blocking probability leads to increased false CRC pass probability but either is likely to be only marginally affected by the second option. Therefore, the first option can provide the working assumption and the second option (which includes the first option) can be further considered after some evaluation on the blocking probability reduction. 
Proposal (for working assumption): Each PDSCH/PUSCH can be scheduled only from a single DL CC.

3 CIF Configuration Aspects
The issue is the time uncertainty regarding the reception and processing by the UE of the RRC command configuring the CIF. This was described in detail in [2, 3] where several options were also suggested to minimize/avoid the impact on the system operation during configuration of CIF presence/absence or CIF-to-CC mapping. For reference, these options are stated below (more details are provided in [2, 3]):

1) Keep the Rel-8 structure in the DL Primary CC (DL PCC) and the UL Primary CC (UL PCC).

2) Configure presence or absence of CIF per CC (2-step process where some CCs are configured CIF in the first step and the remaining CCs are configured CIF in the second step).

3) Time-synchronization using RACH (e.g., intra-eNB handover).

4) Transmit two DCI format sizes (one with CIF and one without CIF, either alternatively or simultaneously).

5) Use DCI format 1A in the UE-common search space (CSS).
Despite the infrequent nature of CIF configuration, the fifth option is not desirable as the CSS in most sub-frames is capacity limited.

The fourth method is also not desirable as it complicates eNB implementation and/or increases PDCCH overhead. 
The third option is less problematic as it uses the existing intra-eNB handover procedure. However, it still requires the RLC buffers to be flushed if the Rel-8 specification is to be followed (in order to avoid having RAN2 to specify additional procedures to avoid such flushing of buffers). 

The second option is even less problematic but it may lead to several configuration possibilities depending on the number of configured CCs. This can be avoided by always configuring in the first step the CIF for all CCs except one DL/UL CC pair in the first step, and configuring the CIF for that DL/UL CC pair in the second step.   

The first option does not seem to require any new specification (CIF is configured only for DL/UL SCCs). Although it was suggested in [2] that this may result to additional blind decoding operations, this is not the case as, in general, DCI formats have different sizes, regardless of whether all of them or some of them have CIF, and it is preferable to have separate search spaces for each DL CC (and its linked UL CC, if any) [4]. 

In summary, either the first option or the second option can be used to avoid the CIF-operation uncertainty issue.
4 Conclusions

This contribution considered the following aspects for cross-carrier scheduling:

a) Linkage between PDCCH and PDSCH/PUSCH.

b) CIF configuration aspects (configuration of CIF presence/absence and configuration of CIF-to-CC mapping).
It is proposed that:

a) Each PDSCH/PUSCH can be scheduled only from a single DL CC (working assumption).
b) Either the DL/UL PCCs operate without CIF or a 2-step CIF configuration process is used.
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