3GPP TSG RAN WG1 #60bis                                   R1-102410
Beijing, China
April 12 – 16, 2010
Agenda Item:
6.2.3.2
Source: 
LG Electronics
Title: 
Structure of PDCCH search space for cross-carrier scheduling in carrier aggregation
Document for:
Discussion/Decision
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 the introduction of cross-CC scheduling by PDCCH in RAN1 #58 meeting [1], basically, the presence or not of the CIF is semi-statically configured by UE-specific manner. If the use of CIF is disabled, as 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 using the CIF. 
In this paper, we discuss on the PDCCH search space for cross-CC scheduling in multiple CC aggregation situation. Actually, we only focus on UE-specific PDCCH search space, and compare possible structures of PDCCH search space for cross-CC scheduling. 
2. PDCCH search space for cross-CC scheduling 
First of all, considering the case that cross-CC scheduling is not configured (i.e. CIF-disabled), similarly in Rel-8, PDCCH search space on a DL CC would be constructed for scheduling of both the same DL CC and its linked UL CC (in case that the DL CC is linked to a UL CC for the PUSCH scheduling), or the same DL CC only (in case of no linked UL CC for the PUSCH scheduling). Figure 1 shows an example of PDCCH search space structure for multiple CC aggregation in the CIF-disabled case. In this case, through PDCCH search space constructed for a DL CC, eNB can only transmit the PDCCH scheduling the same DL CC and/or its single linked UL CC, as in Rel-8. 
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Figure 1: An example of PDCCH search space structure in case of no cross-CC scheduling
In this example, for easy explanation, it is assumed that all DL/UL CCs have the same bandwidth but have independent DL transmission mode, and each DL/UL CC is configured with current DCI formats defined in Rel-8. However, bandwidths of DL/UL CCs can be different each other, and new DCI formats for DL/UL enhancement (e.g. DL 8Tx MIMO, CoMP, UL MIMO, UL non-contiguous grant, etc.) may be additionally defined. Anyhow, main principle of PDCCH search space construction is not changed.

Regarding the case that cross-CC scheduling is configured by exploiting the CIF within PDCCH (i.e. CIF-enabled), entire PDCCH search space on a DL CC where the UE is configured to monitor PDCCH (i.e. PDCCH CC) would be constructed for scheduling of the CCs which are configured to be scheduled from the DL CC (i.e. PDSCH/PUSCH CCs). For construction of PDCCH search space on a PDCCH CC in this case, three methods can be considered as below. Here, it is basically assumed that the number of required BDs is configured to be the same per DCI format, as in Rel-8. 
1) Method 1: single search space
In this method, as shown in Figure 2, a single PDCCH search space is constructed for scheduling of all PDSCH/PUSCH CCs (i.e. all DCI formats configured for all PDSCH/PUSCH CCs) on a PDCCH CC. In this example, it is assumed that DL CC #1 is only configured as PDCCH CC and DL/UL CC pairs #1, #2, #3 are configured as PDSCH/PUSCH CCs scheduled from DL CC #1. In this case, size of search space can always be maintained as the same regardless of CC aggregation (more specifically, regardless of the number of PDSCH/PUSCH CCs). However, PDCCH blocking probability may quite increase because all PDSCH/PUSCH CCs (i.e. all DCI formats) share only one search space, while structure of search space is very simple. Here, PDCCH blocking probability can be reduced by enlarging size of search space, but the number of BDs quite increases. And, the size decision rule of search space will be complicated considering both the acceptable number of BDs, the different numbers of aggregated CCs, etc. 
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Figure 2: An example of Method 1 for cross-CC scheduling (single search space)

2) Method 2: per DCI size search space

In this method, as shown in Figure 3, entire search space on a PDCCH CC is composed of one or multiple DCI size-specific search spaces, each of which is constructed for each group of DCI formats having the same size. In this case, size of entire search space may be quite different according to CC aggregation (i.e. the number of PDSCH/PUSCH CCs) because transmission mode and bandwidth of each CC would be independent. This may incur the increase of the number of DCI sizes, and thus involve more complexity for construction of search space. Moreover, PDCCH blocking probability may be uneven for each DCI format because different number of DCI formats would be configured to each DCI size-specific search space. Here, PDCCH blocking probability can be evenly distributed for all DCI formats by enlarging size of DCI size-specific search space or size adaptation of DCI formats (e.g. with bit padding). However, the formal may induce the increase of complexity, and the latter may require additional overhead. 

[image: image3.emf]Transmission mode 1

(DCI format 0/1A, 1)

Transmission mode 3

(DCI format 0/1A, 2A)

DL CC #1

DL CC #2 DL CC #3

DCI 0/1A (CC #1)

DCI 0/1A (CC #2)

SS for DCI size #1 SS for DCI size #2 SS for DCI size #3

UL CC #1 UL CC #2

Linkage

Transmission mode 3

(DCI format 0/1A, 2A)

DCI 2A (CC #2) 

DCI 2A (CC #3) 

UL CC #3

DCI 1 (CC #1)

Entire search space

DCI 0/1A (CC #3)


Figure 3: An example of Method 2 for cross-CC scheduling (per DCI size search space)

3) Method 3: per CC search space
In this method, as shown in Figure 4, entire search space on a PDCCH CC is composed of one or multiple CC-specific search spaces, each of which is individually constructed for each PDSCH/PUSCH CC. In this case, size of entire search space can be simply extended according to the number of PDSCH/PUSCH CCs (i.e. Nx structure). Correspondingly, structural generality of per CC based search space can be maintained with no cross-CC scheduling case above. In addition, at least in case of symmetric DL/UL CC aggregation, PDCCH blocking probability can be evenly maintained for all DCI formats configured for PDSCH/PUSCH CCs without additional manipulation. In this case, even though search space is constructed per CC basis, if size of the DCI formats with the CIF for different CCs is the same, eNB can schedule these DCI formats on any PDCCH candidate in their search spaces [2] since it doesn’t require additional BD in the UE perspective. Therefore, for simple structure of search space as well as maintenance of PDCCH blocking probability and to avoid increase of the complexity related to BD or overhead, we prefer Method 3.

Suggestion: For simple structure of search space as well as maintenance of PDCCH blocking probability and to avoid increase of the complexity related to BD and overhead, search spaces for PDSCH/PUSCH CCs on PDCCH CC should be configured with per CC based structure. Even in this structure, the DCI formats with the CIF for different CCs which have the same size can be scheduled on any PDCCH candidate in their CC-specific search spaces in order to reduce the PDCCH blocking probability without increase of BDs.
In particular, regarding the case of DL heavy CC aggregation based on Method 3 above, size of CC-specific search space can be reduced for the DL CC without the linked UL CC (i.e. non-linked DL CC). This is because the maximum number M of PDCCHs which can be possibly transmitted for scheduling of the non-linked DL CC is reduced to 1 (only DL grant) while M = 2 (both DL/UL grants) in case of the linked DL/UL CC pair. In addition, for the DCI formats with the same size, reduction of their shared search spaces can be considered in order to reduce the number of BDs further.
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Figure 4: An example of Method 3 for cross-CC scheduling (per CC search space)

3. Summary
We discussed and compared on structure of the PDCCH search space for cross-CC scheduling in LTE-A. Finally, we suggest a baseline for this issue:

Suggestion: For simple structure of search space as well as maintenance of PDCCH blocking probability and to avoid increase of the complexity related to BD and overhead, search spaces for PDSCH/PUSCH CCs on PDCCH CC should be configured with per CC based structure. Even in this structure, the DCI formats with the CIF for different CCs which have the same size can be scheduled on any PDCCH candidate in their CC-specific search spaces in order to reduce the PDCCH blocking probability without increase of BDs.
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