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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, there were agreements on usage and inclusion of the CIF in RAN1 #59 and #60 meetings [2][3]. According to these agreements, the presence of the CIF is UE-specifically configured, and the CIF within a DCI format has a fixed 3-bit size as well as a fixed location irrespective of DCI format size. And, the CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.
Besides, during RAN1 #60bis meeting, a way forward on handling of overlap between common and UE-specific SSs (Search Spaces) in case of cross-CC scheduling was agreed as below [4]. 
· If common SS for a DCI format without CIF and UE-specific SS for a DCI format with CIF are overlapped and the payload sizes of the DCI formats scrambled by C-RNTI/SPS C-RNTI are the same, only either the DCI format on common SS or the DCI format on UE-specific SS is allowed to be transmitted in the overlapped part of the SSs, so UE can assume that one of the DCI formats will not be transmitted in the overlap region
· It will be discussed further which one is allowed to be transmitted between DCI format on common SS and DCI format on UE-specific SS
In this document, we define problem of overlap between common and UE-specific SSs in case of cross-CC scheduling, and propose a reasonable solution for handling of this SS overlap issue. 
2. Problem and handling of search space overlap 
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 SS 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 SS. Thus, when common and UE-specific SSs are configured to be overlapped each other, it can possibly happen that a DCI format without CIF in common SS (i.e. CSS-DCI format without CIF) has the same RNTI for CRC masking and the same size with another DCI format with CIF in UE-specific SS (i.e. USS-DCI format with CIF). In this case, as shown in figure 1, the UE cannot identify whether the decoded/CRC-passed DCI from the overlapped region is scheduled in common or UE-specific SS because both the CIF and the RNTI cannot be referred any more to differentiate DCI formats.
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Figure 1: An example of overlap issue between common and UE-specific search spaces

In order for handling on this problem in case of cross-CC scheduling, we propose to not schedule the CSS-DCI format with the same size/RNTI through the overlapped SS region. n.can be considered












































































































More specifically, when two SSs are overlapped, the CSS-DCI format having the same size and the same RNTI with the USS-DCI format is configured not to be scheduled for the overlapped SS 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 shall not be scheduled 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 scheduled 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 the proposed solution for handling of search space overlap issue 

This seems to be reasonable solution because additional SS manipulation or overhead is not required. Even though scheduling restriction may be somewhat induced in case of SS overlap, we see that this is not serious because SS 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 scheduled through either common SS without CIF or UE-specific SS with CIF. In other words, common SS can be just extra resources for scheduling of DCI format 0/1A with C-RNTI/SPS C-RNTI in addition to UE-specific SS. Thus, even though DCI format 0/1A with C-RNTI/SPS C-RNTI is not allowed to be scheduled in overlapped SS, it can be still scheduled through its own UE-specific SS as well as non-overlapped common SS. 
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 scheduled within the overlapped search space region. 
3. Summary
We discussed on handling of overlap between common and UE-specific search spaces in case of cross-CC scheduling. Finally, we suggest a reasonable solution 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 scheduled within the overlapped search space region. 
4. References

[1] R1-093699 “Way forward on PDCCH for bandwidth extension in LTE-A”, Alcatel-Lucent, AT&T, ASUSTeK, CATT, CEWiT, CHTTL, Ericsson, Huawei, Interdigital, Motorola, NEC, Nokia, NSN, Philips, Potevio, Qualcomm, RITT, Samsung, ST-Ericsson, Texas Instruments, Vodafone
[2] R1-095070 “Way Forward on Carrier Indicator Field”, CATT, CATR, CMCC, Ericsson, ST-Ericsson, Huawei, LG Electronics, Motorola, Nokia, Nokia Siemens Networks, Panasonic, Qualcomm Europe, RIM, Samsung, Texas Instruments, ZTE
[3] R1-101661 “Summary from email discussion on CIF”, Ericsson
[4] R1-102511 “Way Forward on handling of overlap between common/UE-specific search spaces for cross-CC scheduling”, Ericsson, ETRI, HTC, Huawei, LGE, Motorola, NEC, Nokia, Nokia Siemens Networks, Philips, Potevio, Samsung, ST-Ericsson
















































































































































_1331972667.vsd
�

USS-DCI format for CC #2


Common Search Space for CC #1


UE-specific Search Space for CC #2


CSS-DCI format for CC #1


CIF


Available CCEs for PDCCH candidate on CC #1 (PDCCH CC)


Same size/RNTI
(C-RNTI/SPS C-RNTI)


Ambiguity 



_1334216258.vsd
�

USS-DCI format for CC #2


Common Search Space for CC #1


UE-specific Search Space for CC #2


CSS-DCI format for CC #1


CIF


Available CCEs for PDCCH candidate on CC #1 (PDCCH CC)


Same size/RNTI 
(C-RNTI/SPS C-RNTI)


(not allowed)



