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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 #60 meeting [3], there was an agreement on inclusion of the CIF in DCI formats for common and UE-specific search spaces. Contents of this agreement are summarized as below.
· Remaining details on inclusion of CIF:

· CIF is not included in DCI format when CRC scrambled by SI-RNTI unless RAN2 requires the use of CIF for SI acquisition purposes.

· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.

· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always

· Further discussion on:

· Reconfiguration issue raised by Panasonic / NTT DoCoMo

· Handling of overlap between common and UE-specific search spaces

In this document, we discuss on handling of collision between common and UE-specific search spaces in case of cross-CC scheduling which is one of the further discussion issues. Actually, we provide several possible alternatives for handling of this search space collision issue, and suggest reasonable solution among them. 
2. Problem and handling of search space collision 
In LTE-A, when the cross-CC scheduling is enabled by exploiting the CIF, multiple PDSCH/PUSCH CCs whose transmission mode and bandwidth may be independent each other can be scheduled from a PDCCH DL CC. In addition, regarding the agreement on inclusion of the CIF in DCI formats above, it also seems obvious that the CIF would be included only in the DCI formats configured for UE-specific search space when cross-CC scheduling is enabled. In other words, even in case of cross-CC scheduling, the CIF would not be included in the DCI formats configured for common search space. Thus, on a PDCCH CC for a UE, it can possibly happen that not only size of DCI payload but also RNTI for CRC masking is the same between a DCI format without the CIF for the same CC in common search space (i.e. CSS-DCI format without CIF) and another DCI format with the CIF for other PDSCH/PUSCH CC in UE-specific search space (i.e. USS-DCI format with CIF). 
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Figure 1: An example of overlap issue between common and UE-specific search spaces

On the other hand, for CSS-DCI format without CIF (e.g. DCI format 0/1A) and USS-DCI format with CIF which have the same size as well as the same RNTI (e.g. C-RNTI/SPS C-RNTI), ambiguity may occur as shown in Figure 1 if their search spaces are configured to be overlapped each other. More specifically, the UE cannot identify whether the decoded/CRC-passed DCI from the overlapped region is scheduled in common or UE-specific search space because both the CIF and the RNTI cannot be referred any more to differentiate DCI formats in this case. In order for handling on this problem in case of cross-CC scheduling, following three alternatives can be considered.
1) Alt 1: bit padding/additional RNTI for the USS-DCI format having the same size  with the CSS-DCI format
In order to identify the decoded DCI from the overlapped region by avoiding size ambiguity with the CSS-DCI format, additional bit padding can be applied for the same size USS-DCI format. In addition, by allocating additional RNTI for the same size USS-DCI format to avoid ambiguity on CRC masking RNTI with the CSS-DCI format, the UE can identify the decoded/CRC-passed DCI from the overlapped region. However, complexity with additional overhead or RNTI shortage problem should be considered in this case. 
2) Alt 2: shifting/configuring of UE-specific search space for the same size USS-DCI format not to be overlapped with common search space
If common search space and UE-specific search space of the same size USS-DCI format are configured to be overlapped, the UE-specific search space can be shifted into outside of common search space. Besides, in order to avoid overlap between two search spaces in advance, region of the UE-specific search space can be disjointedly configured with that of common search space (i.e. starting CCE of search space can be determined not to make overlap) in every subframe. Also in here, however, positions of UE-specific search space between different UEs will be less randomized which may incur the increase of PDCCH blocking probability. 
3) Alt 3: not transmitting the CSS-DCI format with the same size/RNTI through the overlapped search space region 
When two search spaces are overlapped, it can be considered that the CSS-DCI format having the same size and the same RNTI with the USS-DCI format is configured not to be transmitted for the overlapped search space region. For example, assuming that CSS-DCI format 0/1A without CIF for a CC and USS-DCI format with CIF for another CC have the same size, CSS-DCI format 0/1A whose CRC masking is done by C-RNTI/SPS C-RNTI would not be transmitted through the overlapped region as shown in Figure 2. On the other hand, CSS-DCI format 0/1A with CRC masking by other RNTI (e.g. P-RNTI/RA-RNTI/T-C-RNTI/SI-RNTI) as well as USS-DCI format with CRC masking by C-RNTI/SPS C-RNTI can be transmitted through the overlapped region. At the UE side, the decoded/CRC-passed DCI by C-RNTI/SPS C-RNTI from the overlapped region can be only indentified as USS-DCI format with CIF. 
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Figure 2: An example of Alt 3 for handling of ambiguity on overlap between search spaces

This seems to be reasonable solution because additional search space manipulation or overhead is not required. Even though scheduling restriction may be somewhat induced in case of search space overlap, we see that this is not serious because search space overlap does not always happen and it changes subframe by subframe.. Moreover, regarding PDCCH CC, DCI format 0/1A with C-RNTI/SPS C-RNTI can be transmitted through either common search space without CIF or UE-specific search space with CIF. Thus, even in case that search spaces are overlapped, DCI format 0/1A with C-RNTI/SPS C-RNTI can be still transmitted through its own UE-specific search space as well as non-overlapped common search space. For this reason, therefore, we suggest Alt 3 for handling of search space collision.
Suggestion: In case of overlap between common and UE-specific search spaces in which the same size DCI formats are configured with C-RNTI/SPS C-RNTI, the DCI format with C-RNTI/SPS C-RNTI having no CIF should be configured not to be transmitted within the overlapped search space region.
3. Summary
We discussed on handling of collision between common and UE-specific search spaces in case of cross-CC scheduling. Finally, we suggest an alternative for this issue: 

Suggestion: In case of overlap between common and UE-specific search spaces in which the same size DCI formats are configured with C-RNTI/SPS C-RNTI, the DCI format with C-RNTI/SPS C-RNTI having no CIF should be configured not to be transmitted within the overlapped search space region.
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