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1 Introduction

This contribution considers the aspects of:

a) Time uncertainty for configuration of CIF presence/absence and re/configuration of the CIF-to-CC mapping.
b) UE-Common Search Space (CSS) and UE-Specific Search Space (SSS) overlap with cross-carrier scheduling. 
2 CIF Configuration Aspects
The time uncertainty period regarding the reception and processing by the UE of the RRC command re/configuring the CIF affects the capability of the eNB to schedule the UE with/out CIF or with certain CIF values. Typically, this time uncertainty period is in the order of 15ms. The frequency of CIF re/configuration in the system will depend on the frequency UEs transition from the IDLE state to the RRC-CONNECTED state, the frequency UEs are configured for operation with CA, and the frequency CCs are added or removed for operation with CA.
The time uncertainty issue for the CIF re/configuration was described in detail in [1, 2] 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 [1, 2]):

1) Keep the Rel-8 structure (without CIF) 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 formats 0/1A in the UE-common search space (CSS).
The first option, despite the typically infrequent nature of CIF re/configuration, is not desirable if CIF re/configuration, on a system basis, is frequent (e.g. in the order of a few frames) as the CSS in most sub-frames is capacity limited. Multiple DCI formats 0/1A in the CSS will have to be relied upon, and not only during the CIF re/configuration period, to ensure completion of the CIF re/configuration process (e.g. the PDCCH scheduling the feedback from the UE may be missed or the PUSCH with the “RRCConnectionReconfigurationComplete” massage may be incorrectly received). 
The fourth option is not desirable as it complicates eNB implementation and/or increases PDCCH overhead and latency. 
The third option re-uses the existing intra-eNB handover procedure but still requires the RLC buffers to be flushed if the Rel-8 specification is to be followed (RAN2 will need to specify additional procedures to avoid the 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. When reception of the first reconfiguration is confirmed, the eNB can proceed with the re/configuration of the CIF in the remaining CCs.   

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 independent search spaces for each DL CC (and its linked UL CC, if any) [3]. 

In conclusion, the frequency of CIF re/configuration on a system basis needs to be first determined. If this is an infrequent event (e.g. it occurs only once every several frames), then an implementation-based solution relying on DCI format 0/1A in the CSS is sufficient. However, if CIF re/configuration occurs in the system at least once every few frames, the first or the second option is preferable to address the time uncertainty of CIF re/configuration.
3 CSS and SSS Overlap with Cross-Carrier Scheduling
The ambiguity occurring in case of cross-carrier scheduling when the CSS and SSS overlap and a first DCI format payload size in the CSS is the same as a second DCI format payload size (with CIF) in the SSS and the CRC of both DCI formats is scrambled with the C-RNTI or the SPS-RNTI was considered in RAN1#60bis where it was agreed that the UE can assume that one of the DCI formats will not be transmitted in the overlap region [4]. 

Naturally, the above restriction is not needed if there is no overlapping between the CSS and the SSS, as it will likely be the case when the CC with PDCCH has a large BW (e.g. 10 MHz and above) – also, it is virtually impossible to perform cross-carrier scheduling when the CC with PDCCH has small BW. It is also applicable only for CCE aggregation levels of 4 CCEs or 8 CCEs. 
In general, as the CSS is most often capacity limited, it seems preferable to have the UE assume that the DCI format is from the SSS as in such cases the eNB anyway cannot transmit DCI formats with C-RNTI or SPS-RNTI in the CSS. However, a problem with the above assumption occurs if DCI formats 0/1A in the CSS are used during the CIF re/configuration uncertainty period (first option in the previous section) after the UE completed the RRC-based CIF configuration and before the eNB becomes aware of this (i.e. before the eNB has received the “RRCConnectionReconfigurationComplete” feedback from the UE). Then, DL DCI formats with CIF (and possibly, yet undefined UL DCI formats with CIF) in the SSS having the same size as DCI formats 0/1A in the CSS cannot be used. For particular BW combinations for cross-carrier scheduling, such as for example a 10 MHz BW and a 5 MHz BW, DCI formats 0/1A in the SSS corresponding to the 5 MHz BW cannot be used until the eNB has received the “RRCConnectionReconfigurationComplete” feedback from the UE. This problem can be avoided by the eNB also configuring the transmission mode in the cross-scheduled CC together with the CIF re/configuration. Otherwise, if the UE can be assumed to not have any data traffic (PDSCH or PUSCH) during the CIF re/configuration period, DCI format 0/1A can be assumed to provide the default initial transmission mode during CIF re/configuration.
If the UE assumes that the DCI format (in the overlap CSS/SSS region) is from the CSS, the aggregation levels of 4 CCEs and 8 CCEs cannot be used in the SSS. This restriction may be too strong for low SINR UEs (e.g. in het-nets) for which the use of aggregation levels of 1 or 2 CCEs may not be possible even if significant power boosting is assumed (typically not possible for DCI formats as the RS, the PHICH, and the PCFICH also usually need power boosting).
Considering the tradeoffs between the UE assuming that the DCI format with ambiguous size received with aggregation level of 4/8 CCEs in the overlapped CSS/SSS region is from the CSS versus the SSS, selecting the SSS is preferable.  
4 Conclusions

This contribution considered the he aspects of:

a) Time uncertainty for configuration of CIF presence/absence and re/configuration of the CIF-to-CC mapping.

b) UE-Common Search Space (CSS) and UE-Specific Search Space (SSS) overlap with cross-carrier scheduling.
If CIF re/configuration is not a frequent even in the system, implementation-based methods using the DCI formats 0/1A in the CSS can be used to perform scheduling (if needed) to the UE during the time uncertainty period. Otherwise, the DL/UL PCC should operate without CIF. 

For the DCI format ambiguity problem in case of CSS and SSS overlap, it is preferred that the UE assumes that the DCI format originates from the SSS. 

It should also be determined whether DCI format 0/1A are assumed to provide the initial transmission mode with CIF re/configuration (or CC activation) or whether the initial transmission mode is also configured with CIF re/configuration (or CC activation).
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