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1 Introduction

At RAN1 #59bis meeting, many contributions focused on the remaining issues on carrier indicator field (CIF) [1]-[5], and the subsequent email discussion was triggered for further discussion until RAN1#60 meeting. In this paper, we give our further viewpoints on CIF inclusion, mapping and the linkage between PDSCH/PUSCH and PDCCH.
2 CIF inclusion
DCI formats for common control channels

For DCI formats for common control channels which are scrambled with P/SI/RA/TC/-RNTI transmitted in common search space (SS), as analyzed in [2], there is no need to include CIF, considering the Rel-8 backward compatibility and not increasing the PDCCH blind decodings (BD). 
DCI formats for UE-specific control channels

In case of cross-carrier scheduling enabled carrier (based on the carrier mapping configured by eNB between each PDSCH/PUSCH carrier and the corresponding PDCCH carrier), for DCI formats for UE-specific control channels which are scrambled with C-RNTI in UE-specific SS, CIF is better to be included to simplify the DCI design. However, one argument is if the payload sizes of multiple aggregated carriers are different due to different carrier bandwidths or transmission modes, CIF can be left out [3]. Unfortunately, DCI payload size ambiguity may occur among the DCI formats with and without CIF. Although it can be solved by padding bit(s) to the ambiguous DCI formats as done in Rel-8, it will complicate the DCI payload design and all the payload size ambiguity needs to be exhaustively enumerated, and the specification will be even more complex if more DCI formats are introduced in future releases. 
In case of cross-carrier scheduling disabled carrier, for DCI formats scrambled with C-RNTI transmitted in UE-specific SS, CIF may not need to be included. whose benefit is only the 3-bit CIF overhead saving. Therefore, to simplify the RRC configuration and DCI design, configuration for the presence of CIF is UE specific, and DCI formats scrambled with C-RNTI and SPS-C-RNTI in UE-specific search space should always include explicit CIF.
Proposal: 
· If cross-carrier scheduling is configured, DCI formats scrambled with C-RNTI and SPS-C-RNTI in UE-specific search space should be supported by explicit CIF always, whether on cross- carrier scheduling enabled or disabled carriers.
In Rel-8, DCI format 0/1A scrambled with C-RNTI can be scheduled in common SS without increasing the number of BDs. In Rel-10, however, the introduction of cross-carrier scheduling in UE-specific SS can increase the scheduling flexibility a lot, so the flexibility in common SS will become marginal considering that, the size (16CCEs) and CCE aggregation levels (4 and 8) of common SS are limited in addition that common control channels are scheduled in common SS. To be more serious, additional 6 BDs are increased by the C-RNTI scrambled format 0/1A with CIF. Therefore, DCI format 0/1A scrambled with C-RNTI in common SS should not include CIF, which is beneficial to the smooth scheduling during RRC reconfiguration period from the state of idle or non-cross-carrier scheduling to that of cross-carrier scheduling, as illustrated in Section 3.
For DCI formats scrambled with SPS-C-RNTI, we see no reason to have different operation as C-RNTI for the CIF inclusion. It is suggested that the same operation for DCI formats scrambled with SPS-C-RNTI as C-RNTI for the CIF inclusion.

Proposal: 
· DCI format 0/1A scrambled with C-RNTI and SPS-C-RNTI in common SS should not include CIF.
3 Issues during RRC reconfiguration period
According to the RRC reconfiguration procedure in Rel-8, UE would operate once it correctly receives the RRC reconfiguration signalling, and eNB confirms the successful reconfiguration only when it receives the RRCReconfigurationComplete signalling feedback from UE. So eNB has the scheduling ambiguity during the RRC reconfiguration period when eNB and the UE may have an inconsistent interpretation for the scheduling signalling [6]. In Rel-10, this kind of scheduling ambiguity can occur when the UE is switched from the state of idle or non-cross-carrier scheduling to that of cross-carrier scheduling, and also when the UE DL component carrier (CC) set is reconfigured by eNB. 
For RRC reconfiguration from non-cross-carrier scheduling to cross-carrier scheduling, during the scheduling ambiguity period stated above, one solution is that DCI format 0/1A scrambled with C-RNTI transmitted in common SS without CIF can be used for smooth scheduling. As the reconfiguration does  not occur so frequently the capacity of the common search space may not be a big issue.
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Fig. 1. CI-to-CC mapping during RRC reconfiguration period

For RRC reconfiguration of UE DL component carrier (CC) set, two solutions could be considered:

· DCI format 0/1A scrambled with C-RNTI transmitted in common SS without CIF can be used for smooth scheduling during RRC reconfiguration period which is the same as we stated above.

· Depending on the CIF mapping by implementation of eNB, where at least one CC should operate during reconfiguration of the CI-to-CC mapping [1]. As illustrated in Fig. 1, when eNB reconfigures the UE DL CC set from {CC0, CC1, CC2} to {CC2, CC3, CC4}, then CI-to-CC2 mapping is reserved invariably to keep smooth scheduling during RRC reconfiguration period. Therefore, eNB is in control on updating the UE DL CC set such that at least one CC could function during RRC reconfiguration period. 

According to the discussion above there is no need to have additional standard solution on this issue as implementation method could be used to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.

Proposal: 
· Implementation method could be used to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.
4 Linkage between PDSCH/PUSCH and PDCCH
In the WF of RAN1#59bis on CIF, there are two schemes for the CC linkage between PDSCH/PUSCH and PDCCH: 

· Scheme 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC.

· Scheme 2: Support scheduling a PDSCH/PUSCH CC from more than one DL CC.
· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having CIF.
For scheme 1, the number of PDCCH BDs can be kept the same as to the case not having CIF, while for scheme 2, eNB would need some standardization and/or implementation efforts to control the number of PDCCH BDs, such as bit padding and/or compressing for DCI payload size alignment, especially in the case of different transmission modes and/or different CC bandwidths adopted among multiple CCs. So we prefer to configure single linkage from PDSCH/PUSCH to PDCCH, in order to keep the same blind decoding number as to the case with same-carrier scheduling.[7]

In addition, if PDCCHs (with CIF included) for PDSCH/PUSCHs from multiple CCs have the same payload size, these PDCCHs can be simultaneously detected in the same search space. In another word, the search spaces for these PDCCHs can be shared, which is beneficial to decrease the PDCCH blocking probability without increasing the number of PDCCH BDs. The logic of SS sharing is similar to what has been captured in Rel-8, where DCI format 1A/0 scrambled by C-RNTI/SPS C-RNTI has the same payload size as that for DCI format 3/3A, so DCI format 1A/0 scrambled by C-RNTI/SPS C-RNTI is allowed in common SS to decrease the blocking probability without increasing the blind decoding number. More specific analysis can be referred to our paper for BD analysis [7]. Then we propose that:
Proposal: 

· For each PDSCH/PUSCH CC, higher layer can configure a single CC carrying the corresponding DL grant/UL grant.
· If PDCCHs (with CIF included) for PDSCH/PUSCHs from multiple CCs have the same payload size, the search spaces of these PDCCHs can be shared.
5 Conclusion 

In this contribution, the remaining issues on CIF, such as CIF inclusion and mapping, are analyzed, and accordingly our proposals can be concluded as following:

·  If cross-carrier scheduling is configured, DCI formats scrambled with C-RNTI and SPS-C-RNTI in UE-specific search space should be supported by explicit CIF always, whether on cross- carrier scheduling enabled or disabled carriers.
· DCI format 0/1A scrambled with C-RNTI and SPS-C-RNTI in common SS should not include CIF.
· Implementation method could be used to resolve the scheduling ambiguity between eNB and UE during the RRC reconfiguration period.
· For each PDSCH/PUSCH CC, higher layer can configure a single CC carrying the corresponding DL grant/UL grant.
· If PDCCHs (with CIF included) for PDSCH/PUSCHs from multiple CCs have the same payload size, the search spaces of these PDCCHs can be shared.
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