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1. Introduction

In LTE-A, multiple DL/UL CC (Component Carrier) aggregation is considered to support higher data rate by exploiting wider bandwidth than Rel-8 LTE. Moreover, for more efficient scheduling of PDCCHs over aggregated DL CCs, cross-CC scheduling is also introduced by exploiting CIF (Carrier Indicator Field) within PDCCH. According to the agreement on introduction of cross-CC scheduling by PDCCH in RAN1 #58 meeting [1], first of all, the presence or not of the CIF is semi-statically enabled. If the use of CIF is disabled, similarly in Rel-8 LTE, PDCCH on a DL CC only assigns PDSCH resources on the same DL CC and PUSCH resources on a single linked UL CC. On the other hand, if the CIF is enabled within PDCCH, PDCCH on a DL CC can assign PDSCH or PUSCH resources in one of multiple DL/UL CCs by using the CIF. In addition to this, according to the agreement on usage of the CIF in RAN1 #59 meeting [2], the presence of the CIF is UE-specifically configured. More specifically, the CIF has a fixed 3-bit size and its location is also fixed irrespective of DCI format size. 
Besides, during RAN1 #59bis meeting, a way forward for clarification of details on the CIF was presented by keeping several points still open. Contents of this way forward are summarized as below.
· 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: 

· Option 1: 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

· Option 2: 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 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 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 document, we first provide our current view on FFS items related to the CIF above, such as cross-CC scheduling linkage between PDCCH CC and PDSCH/PUSCH CC, inclusion of the CIF in DCI formats on UE-common/UE-specific search spaces. We also discuss on remaining details on the CIF-to-CC index mapping such as identification of single operating CC during RRC reconfiguration, clarification of CC set for configuration of the CIF, and CC indexing by considering both DL/UL CCs.
2. CIF related issues for cross-CC scheduling
2-1. Cross-CC scheduling linkage between PDCCH CC and PDSCH/PUSCH CC 
Regarding Option 1 above, each PDSCH/PUSCH CC can be scheduled only from a single DL CC. This means the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC. Adding to this, PDCCH DL CC with CIF shall be able to schedule PDSCH at least on the same DL CC and/or PUSCH on a linked UL CC. 

On this option, we can see merits in aspects of PDCCH blind decoding and search space structure. By adopting this option, first, the number of blind decodings in case of enabling the CIF does not increase compared to the CIF-disabled case without complex manipulation [3]. Moreover, by constructing search space for each PDSCH/PUSCH CC individually, Rel-8 search space structure can be easily reused in this option. Correspondingly, structural generality of search space can be also maintained for both the CIF-enabled/disabled cases [4]. 
Additionally, according to cross-CC scheduling linkage configured by RRC signalling, DL CC(s) where the UE monitors PDCCH would be automatically determined. Here, this CC(s) could be either one or multiple DL CC(s) for flexible PDCCH scheduling and reduction of blocking probability. 
On the other hand, in case of Option 2, each PDSCH/PUSCH CC can be scheduled from more than one DL CC. In this option, in order to keep the number of blind decodings as the same in both the CIF-enabled/disabled cases, adjustment of search space size is inevitable. This seems to be not easy and may involve considerable complexity. In particular, considering reconfiguration of UE-specific assigned CCs whose number would be possibly changed, this option may make construction and structure of search space more complicated. Therefore, for easy maintenance of blind decoding complexity and simple configuration of search space in case of cross-CC scheduling with the CIF, we prefer Option 1.
Suggestion: For easy maintenance of blind decoding complexity as well as simple configuration of PDCCH search space in case of cross-CC scheduling with the CIF, Option 1 is preferred. 
2-2. Inclusion of the CIF in DCI formats on common/UE-specific search spaces 
(1). Inclusion of the CIF for DCI format with SI-RNTI
We think it is premature at this stage for RAN1 to discuss on whether the CIF would be included or not in DCI format when CRC is scrambled by SI-RNTI. It seems to be no use discussing on this issue without understanding the results of RAN2 discussion on cross-CC transmission of BCH. Therefore, before discussing in RAN1, there should be RAN2 discussion on this issue first.  
Suggestion: Before discussing on inclusion of the CIF for DCI format with SI-RNTI, there should be RAN2 discussion on cross-CC transmission of BCH first. 
(2). Inclusion of the CIF for DCI format 0/1A with C-RNTI/SPS C-RNTI in UE-common search space

If the CIF would be included in DCI format 0/1A on UE-common search space when CRC is scrambled by C-RNTI/SPS C-RNTI, cross-CC scheduling of UE-specific PDCCH can be also possible even in the UE-common search space while requiring additional 6 blind decodings. However, in spite of the sacrifice of more blind decodings, marginal improvement of PDCCH scheduling flexibility is expected. This is because PDCCH scheduling case following this manner would not frequently happen due to the limited capacity of UE-common search space. Therefore, in order to avoid further increase of blind decoding complexity, the CIF should not be included in this case. 
Suggestion: In order to avoid further increase of blind decoding complexity, no CIF should be included in DCI format 0/1A with C-RNTI/SPS C-RNTI on UE-common search space. 
(3). Inclusion of the CIF for DCI formats with different size in UE-specific search space

If the CIF would not be included when DCI formats have different size on UE-specific search space, overhead in terms of CIF bits added in PDCCH can be reduced further. However, in some cases, this may incur ambiguity which requires additional handling of DCI format size. For example, if DCI formats X and Y have the same size and DCI format Z has 3 bit lager size than DCI formats X and Y, the CIF would be included only in DCI formats X and Y by following principle of no CIF for different size DCI formats. As a result, DCI format Z without the CIF cannot be distinguished because size of three DCI formats becomes the same. In this case, ambiguity of DCI format size can be resolved by additional 1 bit padding, but it seems to make management of the CIF and DCI formats more complicated. Moreover, this problem would differently happen according to CC assignment and cross-CC scheduling linkage. Therefore, for simplicity, it is desirable that the CIF is always included in DCI formats on UE-specific search space regardless of DCI format size when the CIF is enabled. 
Suggestion: For simplicity and to avoid ambiguity, it is desirable that the CIF is always included in the DCI formats on UE-specific search space regardless of DCI format size when the CIF is enabled.
2-3. Remaining details on the CIF-to-CC index mapping
(1). Identification of single operating CC during RRC reconfiguration

Regarding agreement in RAN1 #59bis above, at least one CC should operate during reconfiguration of the CI-to-CC mapping. We think this should be more clarified in perspective of the CIF management. More specifically, it should be clarified whether this agreement means the single operating CC would be mapped to a fixed CIF value irrespective of CIF reconfiguration by RRC or any other things further. It should be also clarified if the purpose of this operation is to avoid misalignment of the CIF at eNB and UE sides at least on one CC. 
Suggestion: It should be clarified whether the CC operating during reconfiguration of the CI-to-CC mapping would be mapped to a fixed CIF value irrespective of CIF reconfiguration.
(2). Clarification of CC set for configuration of the CIF

Regarding agreement in RAN1 #59bis above, CIF-to-CC index mapping is UE-specific and configured by RRC. Thus, we think it is clear that CIF values for CC indexing are kept within UE-specific RRC-configured CC set, even though PDSCH/PUSCH active CC set would be dynamically changed by L1/L2 signalling. 
Suggestion: CIF values for CC indexing should be kept within UE-specific RRC-configured CC set irrespective of dynamic L1/L2 configuration of PDSCH/PUSCH active CC set.
(3). CC indexing by considering both DL/UL CCs

The CIF would be inserted not only in the DL assignment PDCCH but also in the UL grant PDCCH. Regarding CC index configuration considering both DL/UL CCs, we can consider several manners. More specifically, UL CC index can be independently configured from DL CCs or identically configured with index of the linked DL CC or exclusively configured altogether with DL CC index within 3 bits CIF [5]. Thus, by considering further decisions on DL/UL CC aggregation and their linkage, this issue should be also discussed further.
3. Summary
We provided current view on the CIF related issues, and discussed on remaining details on the CIF-to-CC index mapping. 

Finally, we suggest:

· Suggestion #1: For easy maintenance of blind decoding complexity as well as simple configuration of PDCCH search space in case of cross-CC scheduling with the CIF, Option 1 (scheduling each PDSCH/PUSCH CC from a single DL CC only) is preferred.
· Suggestion #2: Before discussing on inclusion of the CIF for DCI format with SI-RNTI, there should be RAN2 discussion on cross-CC transmission of BCH first. 
· Suggestion #3: In order to avoid further increase of blind decoding complexity, no CIF should be included in DCI format 0/1A with C-RNTI/SPS C-RNTI on UE-common search space.  
· Suggestion #4: For simplicity and to avoid ambiguity, it is desirable that the CIF is always included in the DCI formats on UE-specific search space regardless of DCI format size when the CIF is enabled.
· Suggestion #5: It should be clarified whether the CC operating during reconfiguration of the CI-to-CC mapping would be mapped to a fixed CIF value irrespective of CIF reconfiguration.
· Suggestion #6: CIF values for CC indexing should be kept within UE-specific RRC-configured CC set irrespective of dynamic L1/L2 configuration of PDSCH/PUSCH active CC set.
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