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1 Introduction
In RAN1#59bis, details of the CIF configuration and the PDCCH monitoring set were discussed [1]. The conclusion was 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. 

In this contribution, we further discuss whether each PDSCH/PUSCH CC can be scheduled only from a single DL CC or from multiple DL CCs. Additionally, issues on CIF related reconfiguration and possible solutions are discussed. 
2 Linkage between PDCCH CC and PDSCH/PUSCH CC
This section discusses whether each PDSCH/PUSCH CC can be scheduled only from a single DL CC or from multiple CCs. As discussed in RAN1#59, the DCI sizes to be monitored by a UE may be different for different CCs for the following reasons.  
· Bandwidth of component carriers may be different.

· Transmission modes for a UE for each component carrier may be different because channel and interference condition may be different for each component carrier, e.g. in heterogeneous deployment or aggregating component carriers in different bands. 

Below we discuss the two options taking into account the possibility of different DCI sizes which would be more typical case for a HetNet scenario. 
Option 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC 
In this option, for each PDSCH/PUSCH CC, one DL CC in which the PDCCH is transmitted is configured. UE basically performs separate blind decoding attempts for each PDSCH/PUSCH CC because the size of PDCCH pointing to different CCs may not be identical. Namely, the UE blind decoding resource budget just moves between CCs in case of cross carrier scheduling as shown in Figure 1. In this case, the required maximum number of blind decoding attempts is same as the one for no cross carrier scheduling. 
Note that Figure 1 is an example in case of separate search space for different PDSCH CCs. Separate search space or same search space for different PDSCH CCs is discussed in section 3. 
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Figure 1: single PDCCH CC per PDSCH/PUSCH CC 
Option 2: Each PDSCH/PUSCH CC can be scheduled from multiple DL CCs
An extreme case of this option is that the PDCCH can be transmitted from any DL CCs as shown in Figure 2. When the DCI sizes for configured CCs are different, the DCI size to be monitored is aligned by padding in order to keep the same number of BD attempts as in option 1. In this option, the eNB can choose the DL CC which actually transmits the PDCCH for a given PDSCH/PUSCH CC more flexibly. However, the total PDCCH blocking rate would be similar to option 1 with separate search spaces. 
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Figure 2: multiple PDCCH CCs per PDSCH/PUSCH CC
We don’t see a strong motivation to support option 2. Since option 2 may require additional UE complexity and possibly significant padding for the size alignment depending on the BW and TX mode of each CC, we prefer option 1. In order to avoid the padding, it is considered to use option 2 only in case of same DCI size. However, we think supporting two behaviours would cause additional complexity and test efforts. Therefore, we prefer option 1 as a unified solution. 
The mapping between the PDCCH CC and the PDSCH/PUSCH CC shall be indicated via RRC signaling when a CC is configured. Therefore, it is not necessary to explicitly configure a PDCCH monitoring set. Figure 3(a)(b) show examples of such a configuration. In Figure 3(a) DL CC1 is configured as the PDCCH CCs for PDSCH CC1, 2 and 3. In this case, PDCCH monitoring CC is only CC1. On the other hand, in Figure 3(b), DL CC1 is configured as the PDCCH CC for PDSCH CC1 and DL CC2 is configured as the PDCCH CC for PDSCH CC2 and 3. In this case, PDCCH monitoring CCs are CC1 and CC2. Naturally, the configured PDCCH apply to the respective linked UL CCs.
Proposal 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC
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(a) 1 PDCCH monitoring CC                          (b) 2 PDCCH monitoring CCs
Figure 3: Configuration example
3 Search space for different PDSCH/PUSCH CCs

In Rel.8, the search space is defined for each CCE aggregation size. For the UE specific search space, there are 6, 6, 2 and 2 candidates for CCE aggregation sizes of 1, 2, 4 and 8, respectively. If the PDCCHs for multiple CCs are confined within the Rel.8 search space, the PDCCH for different CCs are more frequently overlapped i.e. the PDCCH blocking rate increases. This may be a significant problem when one CC carries PDCCHs for a large number of PDSCH CCs. Therefore, it is beneficial to avoid overlapping of PDCCH for different CC. One possibility is to define separate search spaces (CCE candidates) for the blind decoding for different PDSCH CCs as shown in Figure 4. The search spaces for the different CCs could be defined as continuous CCEs starting from the Rel.8 search space for PDCCHs which assign the same CC. On the other hand, if the search space is identical for different PDSCH CCs, the number of blind decoding attempts can be reduced when the PDCCH payload size is same for different PDSCH CCs. In this case the false alarm probability can be reduced. Therefore, it should be discussed whether to define separate search space (CCE candidates) for the PDCCH for different PDSCH CC considering the PDCCH blocking and false alarm issue. 
In both cases, still the CIF would be required since separate search spaces may overlap due to limited CCE availability, e.g. in narrow bandwidth operation or for a small control region. 
For the common search space, only one search space is defined because use of the carrier indicator would not be desired. 

Proposal 2: it should be discussed whether to define separate search space (CCE candidates) for the PDCCHs for different PDSCH CCs. 
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Figure 4: separate search space in a CC for different PDSCH CCs
4 Issues related to CIF reconfiguration 

4.1 Reconfiguration of CIF presence 
Since the PDCCH monitoring size changes in case of a reconfiguration of the CIF presence, we identify the following misalignment issue between eNB and UE: 

Assuming that the CIF related reconfiguration and the related PDCCH configuration is indicated via RRC connection reconfiguration message, the behaviour for the reconfiguration of CIF is shown in Figure 5. When the eNB changes the UE configuration from an operation without CIF to an operation with CIF first the eNB sends the RRCConnectionReconfiguration message to the UE. Then the UE has to send back the RRCConnectionReconfigurationComplete message to inform the eNB of the successful completion of the reconfiguration. The time period between the UE reception of the Reconfiguration message and the UE being ready to transmit the Complete message is specified as 15ms in the RRC specification [2]. During this time period, the UE changes the configuration of the CIF (i.e. change the PDCCH payload size to be monitored). However, eNB does not know the UE understanding of the PDCCH payload size before it received the Complete message. Moreover, eNB is required to send PDCCH to allow PUSCH transmission to carry the Complete message. In addition, the Complete message may not be received due to some error cases, e.g. loss of the Reconfiguration message or ACK/NACK error to the Complete message. In this case, the eNB tries to resend the Reconfiguration message, but eNB does not know the PDCCH size (with CIF or w/o CIF) which is monitored by the UE. 
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Figure 5: PDCCH size uncertainty issue during RRC reconfiguration 

Several solutions to above mentioned issue are considered as outlined below: 
Alt1: Transmit two PDCCHs with different PDCCH payload sizes (i.e. with and without CIF) for the RRCConnectionReconfiguration and Complete message

Transmission of two PDCCHs for the same data allocation is not efficient, since it increases the PDCCH overhead. Furthermore, eNB implementation may become complicated. 
Alt2: Transmit PDCCH on common search space for the RRCConnectionReconfiguration and Complete message

Assuming that the PDCCH on the common search space does not have a CIF, it is possible to transmit a PDCCH without size misalignment between eNB and UE. However, the capacity of common search space is already problematic in Rel8. Therefore, relying on common search space is not sufficient. 

Alt3: CIF is not added to PDCCH which assigns the same DL CC and paired UL CC. 
    In this case, the eNB can assign the data on at least one CC without the size misalignment between eNB and UE at any time using the UE specific search space. This also implies that exactly the same behavior as for Rel.8 is applied for the CC, which reduces several designing/testing efforts. Furthermore, PDCCH overhead can be reduced when only one CC is used since CIF is not added in the PDCCHs. 
As discussed above, for a reliable and simple system operation, we propose Alt 3. 
In RAN1#59bis, it was agreed that at least one carrier should operate during reconfiguration of the CI-to-CC mapping. In our view, one carrier should operate also during reconfiguration of presence of CIF. Note that Alt 3 does not increase the number of BD attempts compared to system without CIF assuming option 1 in section 2. 
Proposal 3: CIF is not added to PDCCH which assigns the same DL CC and paired UL CC
4.2 Reconfiguration of CI-to-CC mapping 

The reconfiguration of UE DL CC set, i.e. CC addition or CC removal, may impact the CI to CC mapping depending on the mapping strategy. For example, if the mapping rule is such that CC is implicitly mapped to CI in ascending frequency order [3], the whole CI to CC mapping on the CC carrying PDCCH for the UE may change as illustrated in Figure 6. When a UE uses CC2 and CC3 (i.e. UE DL CC set is CC2 and CC3), CC2 is indicated without CIF as proposed in section 4.1 and CC3 is indicated by CI=0 (left figure). When CC1 is added to the UE DL CC set, e.g. due to the demand of higher data rate, the CI-to-CC mapping is changed, i.e. CC1 is indicated by CI=0 and CC3 is indicated by CI=1 (right figure), according to the rule of frequency ascending order. In this case, during the reconfiguration of UE DL CC set - which may last several tens of ms, the eNB can only assign data on CC2. This would cause an unnecessary delay of data transmission. 

Therefore, the eNB could simply allocate the CI code point as well as PDCCH CC index when a CC is added in the UE DL CC set. In the example of Figure 6, when CC1 is added, eNB allocate CI=1 for CC1 and use the same code point until the CC is removed. 
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Figure 6: issue on implicit CI-to-CC mapping

Proposal 4: it should be studied to explicitly allocate PDCCH CC and CI code point used for the CC when the CC is added in the UE DL CC set to avoid unnecessary delay of data transmission.
5 Conclusion

In this contribution, we discussed whether each PDSCH/PUSCH CC can be scheduled only from a single DL CC or from multiple DL CCs. Since we don’t see a strong motivation for allowing multiple DL CCs for the PDCCH transmission for a given PDSCH/PUSCH CC, we prefer single DL CC (i.e. option 1) to avoid unnecessary increase of the complexity. It is FFS whether separate search space are configured for different PDSCH/PUSCH CC. 

In addition, we discussed issues on CIF reconfiguration, i.e. reconfiguration of CIF presence and CI-to-CC mapping. When presence of CIF is reconfigured, it may happen the misalignment of the PDCCH payload size (with and w/o CIF) to be monitored between eNB and UE. One carrier should operate also during the reconfiguration of presence of CIF. Therefore, we propose PDCCH which assign the same DL CC and the paired UL CC does not contain CIF. 
Regarding reconfiguration of CI-to-CC mapping, it is not preferable to change CI-to-CC mapping on existence CCs when CC is added or removed in the UE DL CC set because only one CC can be assigned during the reconfiguration. We propose to study explicit allocation of PDCCH CC and CI code point used for the CC when the CC is added in the UE DL CC set to avoid unnecessary delay of data transmission.  
Summary of our proposals are as follows. 

Proposal 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC
Proposal 2: it should be discussed whether to define separate search space (CCE candidates) for the PDCCHs for different PDSCH CCs. 
Proposal 3: PDCCH which assign the same DL CC and the paired UL CC does not contain CIF. This allows one carrier to operate during the reconfiguration of CIF presence. 
Proposal 4: it should be studied to explicitly allocate PDCCH CC and CI code point used for the CC when the CC is added in the UE DL CC set to avoid unnecessary delay of data transmission.  
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