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1. Introduction

At the RAN1#60 meeting, the carrier indicator field (CIF) reconfiguration was discussed as one of the remaining details for CIF. Furthermore, at RAN2, the concept of primary component carrier (PCC) was agreed. This contribution describes a method to keep one carrier operating during the configuration of the presence or absence of the CIF.
2. RRC Configuration of Presence or Absence of CIF
Figure 1 shows an example when the CIF is configured using RRC signalling. 
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Figure 1 – CIF configuration procedure of presence or absence of CIF
As shown in the figure, the presence of the CIF is configured using the “RRCConnectionReconfigutation” command. The PDSCH transmission containing the “RRCConnectionReconfigutation” command must be sent without the CIF (including RLC retransmissions). However, the exact timing when the RRC command is received and processed by the UE and the new configurations are reflected in the UE is unknown to the eNodeB as discussed in [1]. Therefore, there is an uncertain time period when the eNodeB does not know the downlink control information (DCI) size, i.e., the presence or absence of the CIF, of the UE until the “RRCConnectionReconfigurationComplete” is received at the eNodeB as shown in Fig. 1. On the other hand, the PUSCH transmission containing the “RRCConnectionReconfigurationComplete” must be sent with the CIF. Therefore, it is necessary to maintain the transmission methods for the C-plane messages such as “RRCConnectionReconfigutation” and “RRCConnectionReconfigurationComplete” during the uncertain time period for the CIF configuration. 
Although suspending of the U-plane is possible during the uncertain period, having a mechansim to maintain the U-plane is desirable. This requirement is not essential if reconfiguration of CIF does not occur so frequently. 
Figure 2 shows one example where the uncertain period creates an ambiguity problem, using the case when RLC retransmission occurs due to the NACK-to-ACK error as an example. If the RLC retransmission contains the “RRCConnectionReconfigutation” command, the eNodeB must transmit the DCI without CIF as shown in Fig. 2(a). On the other hand, if the RLC retransmission is for U-plane data that was initially sent prior to the “RRCConnectionReconfiguration”, the eNodeB must transmit the DCI including the CIF as shown in Fig. 2(b). 
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(a) RLC retransmission of “RRCConnectionReconfigutation” command
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(b) RLC retransmission of user data

Figure 2 – CIF configuration procedure of presence or absence of CIF

3. Assignment Method During Uncertain Period
This section discusses the assignment method during the uncertain period described in Section 2. We first discuss three implementation methods in Section 3.1, a method that requires an additional feature for the CIF in Section 3.2, and discuss suitable methods in Section 3.3.
3.1. Implementation Methods 
Figure 3 shows three implementation methods that are each discussed below.

· Method 1: Transmit two DCI sizes

Using this method, the eNodeB transmits the RLC retransmission of the PDSCH using the DCI with the CIF and the DCI without CIF alternately. If reception of the correct PDSCH is confirmed by ACK/NACK signalling on PUCCH or by status report in the RLC layer, the eNodeB can determine which DCI size (with or without CIF) is currently in use by the UE. Although this method can be achieved by eNodeB implementation, it will make the eNodeB implementation very complex. 

· Method 2: Employ time-synchronization using RACH (e.g., intra-eNodeB handover)

In this method, the UE uses the RACH procedure to send the “RRCConnectionReconfigurationComplete” message [2]. Since the RACH procedure is used to send the “RRCConnectionReconfigurationComplete” message, the eNodeB can easily determine the timing when the new CIF configuration is reflected in the UE by receiving

· the RACH preamble if a dedicated preamble (allocated by “RRCConnectionReconfiguration”) was used, or

· the C-RNTI MAC control element in RACH message 3, if a contention preamble was used

at the eNodeB. This method is also used to configure the TTI bundling in the uplink in Rel. 8 [3], [4]. This can be done by using the intra-eNB handover procedure, but this will imply that the RLC buffers will be flushed according to the Rel. 8 specification. If RAN2 can define new procedures, such flushing of buffers can be avoided. However, the need for such optimization depends on how frequent CIF reconfigurations would occur.
· Method 3: Rely on Format 1A on Common Search Space (If there is agreement not to configure CIF for common search space) 

Currently, inclusion of the CIF in DCI formats 0 and 1A on the common search space, when cyclic redundancy check (CRC) is scrambled by the UE-ID, is being discussed. If the CIF is not included, it is possible to assign the UE during the uncertain period using format 1A on the common search space. However, using the common search space is costly and not very efficient, since most UEs to which carrier aggregation is applied are close to the eNodeB, not requiring such robust formats. Nevertheless, only 4 or 8 CCE aggregation is possible for the common search space, and the common search space is used for important common channels such as system information and paging. Hence, the blocking probability would be larger compared to using the UE-specific search space.
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(a) Transmit two DCI sizes
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(b) Employ time-synchronization using RACH
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(c) Rely on Format 1A on Common Search Space

Figure 3 – Implementation methods
3.2. Methods Using Additional CIF Feature
Figure 4 shows two methods using additional CIF features that are each discussed below.

· Method 4: Configure presence or absence of CIF per CC

In this method, the presence or absence of the CIF is configured per CC, so that not all CCs need to be reconfigured at the same time. That is, the eNodeB can first reconfigure only a part of the CCs with the CIF, while maintaining the old configuration for the other CCs. When reception of the first reconfiguration is confirmed, the eNodeB can proceed to reconfigure the CIF on the remaining CCs. This way, the eNodeB can still assign the PDSCH and PUSCH resources to the UE, since some of the CCs are unchanged during the uncertain period for the other CCs. However, this requires two steps to configure the CIF for all CCs. Moreover, this solution requires that RAN1 agrees to per CC configuration of CIF.
· Method 5: Always keep the Rel. 8 structure in PCC

In this method, the UE-specific search space without CIF is always maintained at least for one CC. This is similar to Method 4 in the sense that the UE-specific search space of one CC is unchanged during the uncertain period. A drawback to the scheme is that the additional UE-specific search space for one CC is required, even when the eNodeB and UE are synchronized.
Furthermore, at RAN2, the introduction of PCC was agreed. Since it is important to keep the reliable communication in PCC, the Rel.8 UE-specific search space structure, i.e., without CIF should be kept in PCC. 
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(a) Configure presence or absence of CIF CC-by-CC        (b) Keep Rel.8 structure in PCC
Figure 4 – Method using additional CIF feature
3.3. Discussion

In Sections 3.1 and 3.2, we discussed five possible candidates to resolve the ambiguous cases discussed in Section 2. We consider that keeping an additional one UE-specific search space without CIF is not a problem, since some of the UE-specific search spaces are disabled using the PDCCH monitoring set when the CIF is configured as shown in Fig. 5(a). Therefore, we consider that Method 5, i.e., to always maintain the Rel. 8 structure without the CIF at least in one CC, is the best solution.
However, additional blind decodes are required when the presence of the CIF is configured without restricting the UE-specific search space as shown in Fig. 5(b). If such cases also need to be supported, we have a slight preference for Method 2, i.e., to use the RACH procedure, provided that the reconfiguration of CIF may not occur so frequently.
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(a) Some of UE-specific search space deactivated      (b) All UE-specific search space activated

Figure 5 – Blind decoding when CIF is configured

4. Conclusion

This contribution described NTT DOCOMO’s views on the UE assignment methods during CIF configuration.
· Keeping the Rel. 8 structure without CIF in PCC is preferred, if additional blind decodes are not required.
· Otherwise, use of RACH procedure is slightly preferred, if additional blind decodes are required for the above method.
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