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1. Introduction
In RAN1 #60, the issues on the uncertain period for CIF presence and absence was raised [1][2]. In Rel-8, the DCI format 0/1A for downlink and uplink can be decoded even in the TX mode change periods. In the cross-carrier scheduling, DCI format 0/1A with CIF could be still used for fallback operations. However, in Rel-10 cross-carrier scheduling, new DCI confusion problem between eNB and UE during the initial CIF initialization or release should be handled. In addition, the confusion from CI-to-CC reconfiguration should be discussed for efficient CIF-related data and control transmissions. In this contribution, we provide and clarify possible solutions and compare them each other.
2. CIF Initialization and Release
The CIF initialization/release related messages will be exchanged by RRC signaling, and this RRC connection should be configured by PDCCH. For the CIF initialization, an eNB configures an RRC connection for “RRCConnectionCIFinitialization” message by sending a PDCCH without CIF to an UE which is now operating as non-CIF mode and blindly decoding PDCCHs without CIF. After the successful CIF initialization which is completed by “RRCConnectionCIFinitializationComplete” message, the eNB understand that UE is ready to decode CIF-attached PDCCH in the UE-specific search space. However, before eNB receives “RRCConnectionCIFinitializationComplete” message, there could be misalignment on the exact timing of CIF attachment in eNB and blinding decoding with CIF in UE, and thus, PDCCH payload sizes for RRC connection setups can be misunderstood between eNB and UE. The misalignment can cause unexpected RLC retransmissions, and long latency occurs to successful CIF initialization. This misalsignment can occur in the CIF release which is a transition from CIF-enabled to CIF-disabled mode. 
In order to reduce the completion latency of RRC signaling, the following approaches can be considered:
Option 1: Approaches based on PDCCH transmissions
· Option 1a: Transmit PDCCHs encoded from DCI without CIF onto common search space
· If one of DCI formats for downlink and uplink grants is transmitted without CIF in the common search space, eNB can schedule CIF-initialization/release message onto the UE-specific search space. There is no confusion to understand the existence of CIF in PDCCH between eNB and UE. This approach require minimum specification change, but the limited number of CCEs for the common search space is insufficient to support this additional signaling on the top of PDCCH transmission masked by SI-RNTI, P-RNTI, and RA-RNTI.
· Option 1b: Transmit two PDCCHs of DCI with/without CIF onto UE-specific search space
· Since UE can have ambiguity whether CIF is attached in transmitted PDCCHs or not, eNB can schedule to transmit both CIF-attached PDCCH and non-CIF PDCCH in the same subframe. However, a large PDCCH blocking probability can be derived in the UE-specific search space due to doubled PDCCH transmission during this period.
Option 2: Approaches based on CIF controls
· Option 2a: Per-CC CIF configuration (Two-step CIF initialization)
· If the per-CC CIF configuration is agreed, two-step CIF configuration can be considered. During CIF initialization, CIF in at least one of CCs is not enabled until CIF initialization of other CCs is completed. In the next step, the CIF of CCs which are not configured in the first step is enabled by RRC connections on the CIF-completed CCs. The demerit of this solution is long latency due to two step procedure. The main motivation of this problem is long latency due to RLC retransmission for CIF initialization/release. Thus, two step approaches seems to make the same problem again, and this option is not a good approach in this case.
· Option 2b: Always-CIF attachment for at least one CC regardless of cross-carrier scheduling
· The fundamental reason of this CIF misalignment is the difference of CIF existence before and after CIF-initialization. Thus, if CIF is always attached for at least one CC regardless of whether the cross-carrier scheduling is enabled or not, there is no confusion of the CIF existence between eNB and UE on at least one CC. However, there is overhead in non-CIF mode, and this approach can’t solve the problem in the first CIF initialization of the CC in which CIF is always attached to PDCCH since the initial access would be performed in Rel-8 ways.
· Option 2c: No CIF to all DCI formats for non cross-carrier scheduling in UE-specific search space
· As an opposite of option 2b, we can consider not to attach CIF for non cross-carrier scheduling. Using non-cross carrier scheduling, RRC signaling can be configured even during CIF initialization/release procedures. This option can be applied for all CCs or at least one CC. This approach seems to be simpler than other ones and has less impact on the other performance, e.g., PDCCH blocking probability. However, the DCI ambiguity between no-CIF and CIF-attached DCI formats which have the same size can occur in the overlapped UE-specific search space (USS). 
· Option 2d: No CIF to only DCI format 0/1A for non cross-carrier scheduling in UE-specific search space
· In Rel-8, DCI formats 0/1A are defined for fallback mode operations, and in the same manner, only DCI format 0/1A can be used during uncertain CIF initialization/release periods. This option can solve the DCI size ambiguity problem with the same handling method proposed in the USS  and common search space (CSS) overlapping scenario [3]. The number of ambiguity cases in option 2d is the exactly same as that of the USS and CSS overlapping case since DCI confusion is only caused by DCI format 0/1A. Another advantage to Option 2c is more possibility for BD reduction. For example, among two sets of DL and UL blind decoding attempts, DL DCI format with CIF can have the unified size with other DL DCI formats for cross-carrier scheduling, and this can help to reduce K blind decoding attempts in the shared search space, where K is the number of PDCCH candidate positions in a given search space.
Option 3: Approaches based on another UL control channel, e.g., RACH, SRS, or UL DM-RS
· Approaches in Option 3 are schemes to reduce the uncertain periods by sending event-driven “RRCConnectionCIFinitializationComplete” to eNB. However, it should be further discussed whether these solutions can effectively reduce the CIF initialization/release latency since a mis-detection of these uplink control signals yields similar confusion and another type of latency.
The approaches based on PDCCH transmissions are simple and require less RAN1 standard impacts. However, both options 1a and 1b increases the blocking probability compared to Rel-8 design. In addition, we should further investigate detailed impact on RAN2 and verify that sufficient reliability can be guaranteed in the approaches based on another UL control channel. Therefore, it’s our understanding that the approaches based on CIF-control seem to be reasonable option. Among four candidates in option 2, we prefer the options 2d rather than other options 2a, 2b, and 2c due to latency, overhead, DCI ambiguity, and BD reduction possibility.
3. CI-to-CC Mapping Reconfiguration

In case of CI-to-CC reconfiguration, there is no issue regarding CIF existence because this CIF reconfiguration procedure can be triggered after a successive CIF initialization. 

The CIF reconfiguration procedures are mostly triggered when new CCs are added into UE-specific CC set or some CCs are removed from the UE-specific CC set, in which activated CCs can be scheduled to transmit data or control. This reconfiguration procedure can be handled by at least one CC as described in the RAN1 #59bis agreement. In addition, if there are other CCs which have their own CIs, it’s beneficial to be able to perform cross-carrier operations even in the reconfiguration process. Thus, the CC addition and removal process with CIF reconfiguration should not change the existing CI-to-CC mapping. Otherwise, all the cross-carrier scheduling or its related operation should be hold until reconfiguration process is finished.

Figure 1 shows examples of the proposed CC addition/removal processes. In all the transitions, the existing CI-to-CC mappings are maintained. As shown in the second and third transition, a CI among available CIs which is not currently used is assigned by RRC. When adding and removal occur simultaneously such as the forth transition, it’s better for newly added CCs to have different CIs from the removed CI in the current transition because non-unique CI yields confusion for on-going procedures during CI-to-CC reconfiguration. As illustrated in the fifth transition, each CC exclusively has a CI among non-used CIs when multiple CCs are added simultaneously.
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Figure 1. Examples of CI-to-CC mapping reconfiguration

We propose the followings in the CI-to-CC reconfiguration:
· The existing CI-to-CC mappings should be maintained during addition and removal of CCs

· The CIs for newly added CCs should be different from CIs simultaneously removed during the reconfiguration.

4. Conclusion
Proposal 1: The uncertain period caused by CIF presence and absence should be handled by the option 2d in which CIF is not attached only DCI format 0/1A for non cross-carrier scheduling in UE-specific search space.

Proposal 2: For efficient CIF-related data and control transmissions, the CI-to-CC mapping should be reconfigured under the following rules:
· The existing CI-to-CC mappings should be maintained during addition and removal of CCs

· The CIs for newly added CCs should be different from CIs simultaneously removed during the reconfiguration.
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