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1 Introduction
In RAN1#59, detail of CIF configuration and PDCCH monitoring set was discussed [1]. The conclusion was as follows. 
Agreement:
· Configuration for the presence of CIF is UE specific (i.e. not system-specific or cell-specific)

· CIF (if configured) is a fixed 3-bit field

· CIF (if configured) location is fixed irrespective of DCI format size. 

· Cross-carrier assignments can be configured both when the DCI formats have the same or different sizes

· Explicit CIF for the case of same DCI format size

· FFS whether the CIF is included or not in cases the DCI format sizes are different

· There will be an upper limit on the total number of blind decodes

FFS:

· Which DCI format(s) can have CIF and which DCI format(s) can never have CIF and whether all carriers in a UE’s DL CC set carry CIF

· Upper limit on total number of blind decodes = N x ?.

· Whether CIF to component carrier index mapping is UE specific or system specific
In this contribution, we further discuss the following issues related with above FFS points on cross carrier scheduling. 

· Blind decoding for PDCCH with CIF

· Search spaces for PDCCHs which assign different CCs

· PDCCH which can have CIF 
· CIF to CC index mapping 

2 Blind decoding for PDCCH with CIF
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 can 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. 

It was agreed that cross-carrier assignments can be configured both when the DCI formats have the same and different sizes. Inclusion of CIF in case of different size is FFS. For both cases, the number of blind decoding attempts should not exceed the one for no cross carrier scheduling. Below we discuss the two cases. 
Same DCI size for all PDSCH CCs 

In case of same DCI size for all CCs (i.e. all CCs configured for the UE), UE can detect PDCCHs for all CCs with one set of blind decoding attempts on its search space as shown in Figure 1. Therefore, it is possible to monitor all CCs for DL/UL assignment for CCs with keeping the same number of BD attempts. Note that we are proposing to extend blind decoding attempts in a CC from 44 to 60 in [2].
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Figure 1: same DCI size
Different DCI size among PDSCH CCs 

In case of different DCI sizes among PDSCH CCs, it is required to perform separate blind decoding attempts for each PDSCH CC. Therefore, it is only possible to monitor one CC (i.e. one SS) for each PDSCH CC in order not to increase the number of blind decoding attempts. Namely, the UE blind decoding resource budget just moves between CCs as shown in Figure 2. In this case, the number of blind decoding attempts is same as the one for no cross carrier scheduling. It is configured via a higher layer which CC (SS) should be monitored for the respective PDSCH CC. 
In the case where part of the PDSCH CCs have the same bandwidth (same PDCCH sizes), it would be possible to monitor PDCCHs for these CCs within a blind decoding budget for a single CC. 
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Figure 2: different DCI size
Although more flexible PDCCH allocation is possible in case of same DCI size for all or a part of the PDSCH CCs, we think the operation scenario with different DCI size would be more important since an efficient operation with heterogeneous network is a major benefit of cross carrier scheduling. Furthermore, a unified PDCCH design for both, same and different DCI sizes, is desired. Therefore, we propose the following: 
Proposal 1: For a given PDSCH CC, UE monitors only one CC for the corresponding PDCCH irrespective of the DCI size for each CC. 
The mapping between the CC transmitting the PDCCH and the CC for the PDSCH transmission is indicated via RRC signaling. PDCCH monitoring set is implicitly decided by the result of the mapping. Figure 3(a)(b) show examples of the configuration. In Figure 3(a) PDCCHs for PDSCH on all CCs are configured to be transmitted on CC1. In this case, PDCCH monitoring CC is CC1 only. On the other hand, in Figure 3(b), PDCCH for PDSCH on CC1 is transmitted on CC1 and PDCCH for PDSCH on CC2 and CC3 are transmitted on CC2. In this case, PDCCH monitoring CCs are CC1 and CC2. 
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(a) 1 PDCCH monitoring CC                          (b) 2 PDCCH monitoring CCs
Figure 3: Configuration example
Based on the design above, the search space in a CC for different PDSCH CCs (i.e. overlapped or separated) is discussed in section 3 below. Also in section 4, it is proposed to include CIF only for the PDCCH for the different PDSCH CCs. 
3 Search space for different PDSCH CCs

In Rel.8, the search space is defined for each CCE aggregation size. For UE specific search space, there are 6, 6, 2 and 2 candidates for CCE aggregation sizes of 1, 2, 4 and 8, respectively. If PDCCHs for multiple CCs are confined within the Rel.8 search space, the PDCCH for different CCs are more frequently overlapped i.e. PDCCH blocking rate increases. This may be a significant problem when one CC carries PDCCHs for a large number of PDSCH CCs. Therefore, to avoid overlapping of PDCCH for different CC are necessary. 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 space for different CCs could be defined as continuous CCEs from the Rel.8 search space for PDCCHs which assign the same CC. On the other hand, if the search space is same 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 common search space, as discussed in following section, 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. 
 [image: image5.emf]Aggregation 

level 8

Aggregation 

level 4

Aggregation 

level 2

Aggregation 

level 1

CCE

UE-specific SS for PDSCH CC1 (same as Rel8)

UE-specific SS for PDSCH CC2

UE-specific SS for PDSCH CC3


Figure 4: separate search space in a CC for different PDSCH CCs
4 PDCCH which can have CIF 

One of the FFS point in the last meeting was which PDCCH/CC should have a CIF.  A CIF is necessary for PDCCHs on UE-specific search spaces which assign PDSCH on different CCs in cross carrier operation. In the following we discuss whether a CIF is useful for the following PDCCHs: 
· PDCCHs which assign the same CC (and the paired UL CC) 

· PDCCHs transmitted on the common search space. 

Regarding the 1st bullet, since PDCCH to assign the same CC can be distinguished by the PDCCH payload size from PDCCH with CIF to assign other CCs, CIF is not necessary for PDCCHs which assign the same CC. 

Furthermore, more reliable system operation is possible if the PDCCH size for the same CC is not changed during the reconfiguration of CIF (with and without). We propose that the reconfiguration of the CIF and the related PDCCH configuration is indicated via RRC connection reconfiguration message for reliability reasons. The UE sends back the RRC connection reconfiguration complete message to eNB to inform whether or not reconfiguration was successfully completed. The time period between UE reception of the reconfiguration message and the UE being ready to transmit the complete message is specified as 15ms in RRC[4]. During this time period, the UE changes the configuration of the CIF (i.e. change the PDCCH payload size to be monitored). Therefore, UE and eNB may have different understanding of the PDCCH payload size at least during these 15ms. It is possible to transmit two PDCCHs with different PDCCH payload size during this period but this is not efficient. To wait RRC level confirmation like RRCConnectionReconfigComplete message ensures the reliable reconfiguration but increase further this uncertainty period. To increase this uncertainty period would increase the set-up delay for carrier aggregation. To use L1 channel like ACK/NACK for the confirmation can reduce the uncertainty period but it suffers the reliability. This issue was also pointed out in [3]. If the PDCCH payload size for the same CC is not changed during the reconfiguration, eNB can transmit any urgent data for the UE any time. Therefore, we propose not to add a CIF to PDCCHs which assign the same CC and the paired UL CC. This also implies that exactly the same behavior as for release 8 is applied, which reduces several designing/testing efforts.
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Figure 5: PDCCH size uncertainty issue during RRC reconfiguration 

Regarding the 2nd bullet (common search space), we think that cross carrier scheduling is not required for SI, RACH response and Paging for the following reasons (discussion in RAN2 would be necessary): 
· Information on the configuration of other component carriers which a UE may use is provided on an (UE specific) anchor component carrier. This was already agreed in RAN2. 

· RACH response is always transmitted on an UE specific anchor component carrier (which is one of the PDCCH monitoring CCs) in RRC connected mode. 

· Paging is transmitted on at least one of the PDCCH monitoring CCs. 

In addition to the PDCCHs for the common channels, the Rel8 common search space can carry PDCCH DCI formats 0/1A for a UE specific PDSCH/PUSCH allocation, e.g. when the UE specific search space is blocked and an urgent dedicated control message is needed (i.e. delay the transmission to the next subframe is not allowed). For this purpose, cross carrier scheduling is not required, since like in Rel8 a single common search space is sufficient.   
Therefore, for PDCCHs on common search space the CIF will not be present, which simplifies the overall search space design. However, further discussion in RAN1 and RAN2 would be necessary as mentioned above. 
For DCI formats 3/3A which are also transmitted on the common search space, cross carrier indication would be beneficial. However, this issue can be solved without an extra CIF. The specific scheme for cross carrier indication of DCI format 3/3A can be addressed separately. 

Proposal 3: PDCCH which assigns the same CC does not have CIF. FFS for PDCCHs on common search space (depending on RAN1/RAN2 discussion). 
Table 1 summarizes the proposal. UE specific SS may be separately configured per PDSCH CC as discussed in section 3. 
Table 1: applicability of CIF
	
	UE specific SS
	Common SS (FFS)

	DCI format for common channel (1C, 1A)
	-
	No CIF (no cross carrier scheduling) 

	DCI format 3/3A
	-
	No CIF

(cross carrier indication should be supported without CIF)

	DCI format 0/1A
	- PDCCH for the different CCs: with CIF

- PDCCH for the same CC: No CIF  
	No CIF (no cross carrier scheduling)

	DCI format 1/1B/1D/2/2A
	- PDCCH for the different CCs: with CIF

- PDCCH for the same CC: No CIF
	-


5 Carrier indicator to CC index mapping 

Two options can be considered for the CI to CC index mapping. One is UE specific mapping and the other is system specific mapping. In case of system specific mapping, common CC indices are used for all UEs regardless of the UE DL (UL) CC set for each UE. Therefore, the indices of all CCs in the system have to be informed to the UE. This may cause unnecessary restrictions on the total number of CCs due to the limited index space (caused by the limited bit width of the index). Additional signaling (system information or dedicated signaling) is required in this case. On the other hand, in case of UE specific mapping, the mapping of CI to CC is decided when UE DL (UL) CC set is configured. Additional signaling may not be necessary by having a specific indexing rule based on the configuration message, e.g. ascending indices from lower to higher carrier frequencies for a given UE.

Proposal 4: CIF to CC index mapping is UE specific. 
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(a) System specific mapping                                     (b) UE specific mapping

Figure 6: CIF to CC index mapping options

6 Conclusion

In this contribution, the following aspects related to PDCCH cross carrier operation with carrier indicator are discussed: 

· Blind decoding for PDCCH with CIF

· Search spaces for PDCCHs which assign different CCs

· PDCCH which can have CIF

· CIF to CC index mapping 
We propose following: 

Proposal 1: For a given PDSCH CC, UE monitors only one CC for the corresponding PDCCH irrespective of the DCI size for each CC. 
Proposal 2: It should be discussed whether to define separate search spaces (CCE candidates) for the PDCCHs for different PDSCH CCs. 
Proposal 3: CIF is not added to PDCCH which assigns the same CC.  FFS for PDCCHs on common search space (depending on RAN1/RAN2 discussion).
Proposal 4: CIF to CC index mapping is UE specific. 
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