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1. Introduction

At the RAN1#60 meeting, carrier indicator field (CIF) reconfiguration was discussed as one of the remaining details for the CIF [1], [2].
At the RAN1#60bis meeting, the number of blind decodes was agreed upon to be linearly increased according to the number of CCs. It was also agreed at the RAN1#61 that, for a given UE, search spaces (SSs) located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC, and that UE’s SSs on a PDCCH CC are shared in case of same DCI size. 
Based on these agreements, this contribution describes our views on CIF reconfiguration issues, i.e., the UE-specific SS on the primary CC (PCC) without the CIF and discussion of the merits and demerits of the scheme.
2. UE-Specific SS Derived from PCC without CIF

As discussed in [3] and [4], it is beneficial to define the SSs individually for each PDSCH/PUSCH CC. Furthermore, in order to maintain the same SS location with and without the CIF, the starting position should be kept the same even when the CIF is configured as shown in Fig. 1. 
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Figure 1 – All UE-specific SSs with CIF
As discussed in [1] and [2], the presence or absence of the CIF causes an uncertain period during CIF configuration and reconfiguration period. As shown in Fig. 1, the DCI size changes before and after the CIF configuration period due to the additional 3 CIF bits. Adding a definition in which the CIF is not configured for the SS on the PCC is effective in solving the problem. As shown in Fig. 2, the SS on the PCC is always kept the same. Therefore, even during the uncertain period of CIF configuration, the C-plane message can be effectively conveyed. Furthermore, the U-plane message can also be sent during the uncertain period. It was also proposed in [5] and [6] that this capability, i.e., SS without the CIF, is only limited to the case for DCI format 0/1A. 
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Figure 2 – UE-specific SS derived from PCC without CIF (CC0 is PCC)

3. Discussion
As already discussed in Section 2, the main merit of the scheme is to allow the use of the UE-specific SS during the CIF configuration period. However, the following demerits should be considered.

· Additional blind decoding

The SS sharing in the case of the same DCI size was agreed. As discussed in [5], the SS sharing is beneficial in reducing the blocking probability. However, even when the size of the DCI of the PCC is the same as that of other DCIs, SS sharing should not be applied since the total DCI size changes due to the addition of the CIF. If SS sharing is applied in such a case, additional blind decoding is required. Therefore, the proposed UE-specific SS structure (Fig. 3(b)) does not increase the number of blind decodes compared to the SS always having the CIF (Fig. 3(a)) although the SS sharing capability is slightly impaired as shown in Fig. 3. 

[image: image3.emf]SS#0

CCE Index SS#1

SS#2

DCI#2 DCI#2 C DCI#2 C C

SS#0

CCE Index SS#1

SS#2

DCI#1 DCI#1 C DCI#1 C C

DCI#0 DCI#0 C DCI#0 C C

DCI#2

C DCI#2 C

DCI#1 C DCI#1 C

DCI#0

DCI#0 C DCI#0 C

Same DCI size Same DCI size Same DCI size

Different DCI sizes 

due to existence of CIF


(a) All UE-specific SSs with CIF
     (b) UE-specific SS on PCC without CIF
Figure 3 – Limitation of SS sharing capability
· Blocking probability
The proposed UE-specific SS structure limits the sharing capability in the case of the same DCI size as shown in Fig. 3. Therefore, the blocking probability is increased. However, the UE-specific SS sharing is an additional degree of flexibility obtained only for the same DCI size, i.e., mainly the same transmission mode and same bandwidth. Furthermore, the blocking probability is not increased compared to that with the Rel. 8 structure and the case without the CIF. Therefore, we do not consider this to be a major concern.
· False detection probability

The other demerit is an increase in the false detection probability. The three-bit CIF can be used as a “virtual CRC.” As shown in Fig. 4, when three of the eight statuses (three bits) are used for CI-to-CC mapping, the remaining five statuses are not used. When the CIF in the decoded DCI indicates these unused statuses, the UE may regard this decoded DCI as an erroneous DCI and discard it [7], [8], [9], [10]. By introducing the “virtual CRC” to the CIF, the false detection probability is decreased.
In the proposed UE-specific SS structure, this capability is decreased, since the CIF is not configured in the UE-specific SS on the PCC. However, as in the discussion of the blocking probability, this capability is considered as an additional degree of flexibility. Therefore, we do not consider that this is a concern.
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(a) All UE-specific SSs with CIF
        (b) UE-specific SS derived from PCC without CIF
Figure 4 – Limitation of virtual CRC capability
· DCI size ambiguity

The reason why the CIF was agreed upon to configure all SSs is that it eliminates the ambiguity regarding the DCI size. The introduction of the proposed UE-specific SS structure causes additional DCI ambiguity. As discussed in [11], the introduction of the CIF-based scrambling can address this problem. Furthermore, scheduling restrictions such as prioritizing the DCI without the CIF is another candidate as a solution.

Based on the discussion above, we conclude that the UE-specific SS on the PCC without the CIF can effectively eliminate the CIF reconfiguration problem without concern.

4. Conclusion

This contribution described our views on CIF reconfiguration issues, i.e., the UE-specific SS on PCC without CIF and discussion of the merits and demerits of the scheme.

Based on the discussion, we conclude that the UE-specific SS on the PCC without the CIF can effectively eliminate the CIF reconfiguration problem without concern. 
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