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1 Introduction
In the last RAN1 meeting in Valencia, a way forward [1] on details of carrier indicator field (CIF) has been agreed. Details of this way forward are summarized as follows:
· CIF mapping to CCs:

· The mapping from CI values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping

· The following two behaviours are FFS (try to resolve to next meeting): 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC
· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· Support scheduling a PDSCH/PUSCH CC from more than one DL CC

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in carrier aggregation scenario

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier

· 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 
· Note that other behaviours are not precluded from the discussion.
· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI
· SI-RNTI is FFS
· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS

In this contribution, we provide our views on those remaining issues pointed as FFS in the way forward. 
2 Cross-carrier Scheduling with CIF
According to the way forward in [1], the CI to CC mapping for each CC enabling CIF is determined to be UE-specific, because of the high efficiency for CI utilization and good expandability for further usage [2]. During the reconfiguration of the CI to CC mapping, there is a short time period in which the eNB and UE have different understanding of the CI mapping with the particular carriers. Thus, at least one carrier should operate during reconfiguration of the CI-to-CC mapping was agreed.

In the last meeting, two behaviours were given for the cross-carrier scheduling with CIF:
· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC.

This behaviour ensures that the total BD number with cross-carrier scheduling will not exceed the total BD number without cross-carrier scheduling when the DCI format size of cross-carrier is different. Although the scheduling flexibility of this cross-carrier scheduling could be slightly affected, the implementation complexity and blind decoding is more important and should be considered with higher priority. The PDCCH blocking probability may be increased by this rule, but it should not be a serious problem when the CI to the CC mapping was agreed to be UE-specific and the scheduler can mitigate this. 
Increasing the search space of the cross-carrier scheduling component carrier should be adopted, and it will be a good way to solve the PDCCH blocking probability problem.
· Supports scheduling a PDSCH/PUSCH CC from more than one DL CC.
Cross-carrier scheduling with CIF is use for ICIC in the heterogeneous networks. This is the major benefit for introducing the cross-carrier scheduling in the LTE-A. However, there is no strong need to support one PDSCH/PUSCH CC scheduled from more than one DL CC, because the scheduling flexibility of this behaviour is not essential to archive specific performance gain. The second behaviour may cause the increased complexity of CIF-to-CC mapping when CIF-to-CC mapping is considered as CC-specific. Then, introducing of additional standard effort could be the extra cost.

Proposal: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC should be supported.
3 PDCCH Monitoring Set

In the RAN1 #59 meeting in Korea, a UE-specific “PDCCH Monitoring Set” in conjunction with the support for cross-carrier scheduling has been defined in [3]. The PDCCH monitoring set has the following attributes:

· a set of DL CCs on which the UE is required to monitor the PDCCH 

· size is less than or equal to the size of the UE DL CC set and comprises only CCs that are in the UE DL CC set

· updating of PDCCH Monitoring Set (how dynamic) requires further study

Based on the description of the PDCCH monitoring set, UE does not need to monitor the CCs which are not assigned to this UE, so the unnecessary PDCCH blind decoding are saved. On the other hand, in order to support the behaviour in the section 2, a UE-CC-specific PDCCH monitoring set should be defined for providing the cross-carrier scheduling information of each CC. There are two options of explicit PDCCH monitoring set and implicit PDCCH monitoring set below:
· Option 1

A UE-specific PDCCH monitoring set should be defined firstly, followed by a CC-specific PDCCH monitoring set for each CC which belongs to the UE-specific PDCCH monitoring set. For this UE-CC-specific PDCCH monitoring set of each CC, it has following attributes:

· A set of DL CCs on which the CC is required to monitor the PDCCH.
· Each CC which belongs to the UE-specific PDCCH monitoring set has its own CC-specific PDCCH monitoring set, and each CC-specific PDCCH monitoring set can not be overlapped. 
· Option 2

A CC-specific PDCCH monitoring set for each CC which belongs to the UE DL CC set will be determined. For this UE-CC-specific PDCCH monitoring set of each CC, it has following attributes:
· A set of DL CCs on which the CC is required to monitor the PDCCH.
· Each CC which belongs to the UE DL CC set has its own CC-specific PDCCH monitoring set, and each CC-specific PDCCH monitoring set can not be overlapped. 
· When there is no element in the CC-specific PDCCH monitoring set for a particular CC, It means that the UE is not required to monitor the PDCCH in the CC. 
Base on the CC-specific PDCCH monitoring set, a set of DL CCs on which the UE is required to monitor the PDCCH can be obtained. 
According to the descriptions above, we notice that option 1 has higher complexity because of two-step way, but option 2 needs more signaling overhead because of CC-specific PDCCH monitoring set for each CC in the UE DL CC set. Both options can be done by explicitly signaling: configure the exact sets for every set through RRC configuration. Those sets can also be derived by other RRC signaling: each addition/removal of CC can update the sets for a UE/CC.
Proposal: we propose to define UE-CC-specific PDCCH monitoring set for reducing the total number of blind decoding. Those set can be signaled implicitly or derived by other signaling. The exact signaling can be decided by RAN2 
4 Applicability of CIF to DCI formats
For PDCCH with CRC scrambled by P-RNTI, RA-RNTI or TC-RNTI in the common search space, it is agreed to not have CIF.
When a UE is configured by higher layers to decode PDCCH with CRC scrambled by SI-RNTI, whether or not the DCI format in used in SI-RNTI should have CIF depend on the definition of extension carrier type from RAN4. It is not clear that system information should be scheduled by cross-carrier scheduling, but the extra 6 blind decoding should be considered. If the requirement for the cross-carrier scheduling of system information is determined, the CRC mask or the different SI-RNTI can be used to distinguish different SI of different carrier components and this shall not increase the number of PDCCH blind decodes. 
The MBSFN configuration information is provided on MCCH logical channel. In the RAN1 #59bis meeting, it was discussed that if a UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall decode the PDCCH according to DCI format 1C in the common search space, and information for MCCH change notification in DCI format 1C can be defined in [4-5]. In LTE-A, each carrier component has its own MBSFN configuration information, so the cross-carrier scheduling should be considered when CRC is scrambled by M-RNTI.
Proposal: DCI format should not contain CIF when the CRC is scrambled by SI-RNTI. If the requirement for the cross-carrier scheduling of system information is determined, the CRC mask or the different SI-RNTI can be used to distinguish different SI of different carrier components.
Proposal: Cross-carrier scheduling should be considered when the CRC is scrambled by M-RNTI.
It was discussed that DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF when CRC is scrambled by C-RNTI/SPS C-RNTI. However, it is debatable whether or not CIF should be application for DCI format 0/1A in the common search space. There are two possible solutions below [6]:
· Option 1

DCI format 0/1A without CIF corresponding to the exact monitored carrier and the default linked UL carrier may be scheduled in common search space, but DCI format 0/1A with CIF can be scheduled in the UE-specific search space. This will bring a little complexity because eNB has to choose the right Format (w/o or with CI) according to the search place where the PDCCH transmitted. However, DCI format 0/1A with CIF would lead to backward compatibility problem and potential DCI format 3/3A size problem when the cross-carrier scheduling is configured. Furthermore, DCI format 0/1A without CIF in common search space can be a fallback choice for some particular UE during the reconfiguration of the CI to CC mapping and w/o CIF. 
· Option 2
DCI format 0/1A with CI may be scheduled in common search space. Extra blind decoding attempt (e.g. 6 attempts) is needed and PDCCH false alarm probability may increase. Furthermore, as we discussed above, the backward compatibility problem and DCI format 3/3A size problem should be considered. 
Proposal: DCI format 0/1A should not contain CIF in the common search space. Whether or not DCI format 3/3A should have CIF is FFS.
5 Conclusion

In this contribution we provide our views on some issues for carrier indicator field design. It can be summarized as follows:
· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC should be supported.
· Regarding to the LS from RAN2, we propose to defined UE-CC-specific PDCCH monitoring set for reducing the total number of blind decoding. Monitoring set should can be implicitly signaled or derived by other RRC configuration.
· DCI format should not contain CIF when the CRC is scrambled by SI-RNTI. If the requirement for the cross-carrier scheduling of system information is determined, the CRC mask or the different SI-RNTI can be used to distinguish different SI of different carrier components.
· Cross-carrier scheduling should be considered when the CRC is scrambled by M-RNTI.
· DCI format 0/1A should not contain CIF in the common search space. Whether or not DCI format 3/3A should have CIF is FFS.
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