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1 Introduction

The search space design in support of CA should support operation both with and without cross-carrier scheduling, support of ICIC, and should be Rel-8 compatible. Although the discussions so far focused entirely on the UE-specific search space (SSS) design, some aspects for the UE-common search space (CSS) design should also be considered. 

This contribution considers the previous aspects under the fundamental assumption (applicable only in case of cross-carrier scheduling) that a UE monitors PDCCH only on one DL CC for PDSCH/PUSCH scheduling in a DL/UL CC.  CSS and SSS design commonality for all operating scenarios should be prioritized over marginal optimizations which may be possible under certain conditions.
2 Search Space Design with Carrier Aggregation
2.1 No Cross-Carrier Scheduling
For “normal” operation without cross-carrier scheduling, the DL control region design should be a trivial generalization of the Rel-8 DL control region design where each DL CC operates as a Rel-8 DL CC. Figure 1 illustrates this simple extension of Rel-8 operation. The DL control region in each DL CC provides Scheduling Assignments (SAs) for PDSCH reception and Scheduling Grants (SGs) for PUSCH transmission. The UE-common search space (CSS) and the UE-specific search space (SSS) design are as in Rel-8 and this should be the baseline for the design in case of cross-carrier scheduling. 
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Figure 1: Parallel Rel-8 Operation for CA.
Although the search space design for a Rel-10 UE with CA is in principle the same as in Rel-8, restrictions may be applicable for Rel-10 UEs in order to reduce the number of blind decoding operations (BDOs). For example, for a particular UE, the CSS may be located in only one DL CC or the CCE aggregation levels in the SSS may be different than in Rel-8 [1].
2.2 Cross-Carrier Scheduling
Additional considerations for the search space design are needed only in case of cross-carrier scheduling. Nevertheless, unless significant benefits are shown for the opposite, the search space design should maintain maximum commonality as for operation without cross-carrier scheduling in order to minimize the specification impact and the variations in implementation.

Figure 2 illustrates a typical case of cross-carrier scheduling corresponding to het-net operation with 2 DL/UL CCs. 
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 Figure 2: Single PDCCH for Scheduling multiple PDSCH/PUSCH for a UE with CA.

UE-Common Search Space

If the control region in a single DL CC addresses multiple DL/UL CCs, its CSS should also be able to accommodate DCI formats targeted to multiple DL/UL CCs. For example, in Figure 1 without cross-carrier scheduling, the CSS in each DL CC needs to include transmission for DCI formats 3/3A to provide power control for SPS PUSCH/SRS transmissions and UL HARQ-ACK transmissions in response to SPS PDSCH receptions. If multiple CSS in respectively multiple DL CCs are combined in a single CSS, this CSS needs to expand as it may often be capacity limited even in Rel-8. To achieve CSS expansion in a Rel-8 compatible manner, the first 16 CCEs (in the logical domain prior to interleaving) are used for the Rel-8 CSS and the next 
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 CCEs can be used for CSS expansion (
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 can be provided by higher layer signaling).
Proposal: UE-common search space expansion is supported. The expanded UE-common search space consists of the first 
[image: image5.wmf]16

+

N

 CCEs.

UE-Specific Search Space

Similarly to the CSS expansion, SSS expansion is needed in order to avoid severe increases in blocking probability. For example, if the Rel-8 SSS design is maintained, there are only 2 candidates for 8-CCE and 4-CCE aggregation levels and therefore cross-carrier scheduling is not always possible even for 2 CCs (if both the DL SA and the UL SG use 4-CCE or 8-CCE aggregation level). The blocking probability will also be much larger for the 2-CCE and 1-CCE aggregation levels for which 6 candidates exist in the SSS.
Expansion of the SSS can be by either increasing the size of a single SSS (to increase the number of candidates per CCE-aggregation level) or by having separate SSS for each DL CC or UL CC. In either case, the total number of candidates per CCE aggregation level for the extended SSS may be less than the respective integer multiple of the Rel-8 SSS ones in order to reduce the number of BDOs. 
Although the options of using a single SSS supporting a larger number of candidates per CCE aggregation level or multiple SSS with a smaller number of candidates per CCE aggregation level appear fundamentally the same (for the same total number of candidates per CCE aggregation level), some notable differences do exist. 
The advantage of having a single expanded SSS is a reduction in blocking probability. 
The advantages of having multiple separate SSS are the simpler specification and implementation (the design in case of no cross-carrier scheduling is re-used), the reduction in the number of BDOs in case the DCI formats for different CCs have different sizes (different transmission mode or different CC BWs), and the simplicity of the design as CCs are activated and de-activated (corresponding SSS is activated/de-activated). The blocking probability is similar to the case of no cross-carrier scheduling. Based on the above, having separate SSS is preferred.

Proposal: UE-specific search space expansion is supported. The expanded UE-specific search space consists of multiple UE-specific search spaces.
The next step is to consider the number and placement of the multiple SSS. If the DL/UL CCs for which PDSCH/PUSCH transmission is supported through a single control region are paired, the number of the multiple SSS is equal to the number of DL/UL CCs pairs. If there are more DL CCs than UL CCs, the number of multiple SSS is equal to the number of DL CCs for which PDSCH transmission is supported through a single control region (note that RAN2 decided to not support the case of more UL CCs than DL CCs). Therefore, the number of SSS should be equal to the number of DL CCs for which PDSCH transmission is supported through a single control region. 
Proposal: The number of UE-specific search spaces in the control region of a DL CC is equal to the number of DL CCs having respective PDSCH transmissions scheduled by PDCCH in the control region of the DL CC.
Regarding the placement of the multiple SSS, there are several options including:

a) Pseudo-random placement [2].

b) Serial (contiguous) placement [3].

c) Placement with a deterministic offset (signaled of specified – modulo the total number of PDCCH CCEs per sub-frame).

In all cases, overlapping of the SSS can occur due to the control region size limitations and the CIF is generally needed. Mutual advantages/disadvantages for the above options cannot be readily identified. However, having a pseudo-random placement maintains the Rel-8 design principle and provides better randomization.  
Proposal: Multiple UE-specific search spaces in the control region of a DL CC are pseudo-randomly located.
3 Conclusions

This contribution considered the search space design for Carrier Aggregation and proposes the following. 

Without Cross-Carrier Scheduling

Proposal: The Rel-8 search space design principles are re-used for the search space design in each control region.

With Cross-Carrier Scheduling:

Proposal: UE-common search space expansion is supported. The expanded UE-common search space consists of the first 
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Proposal: UE-specific search space expansion is supported. The expanded UE-specific search space consists of multiple UE-specific search spaces.
Proposal: The number of UE-specific search spaces in the control region of a DL CC is equal to the number of DL CCs having respective PDSCH transmissions scheduled by PDCCH in the control region of the DL CC.
Proposal: Multiple UE-specific search spaces in the control region of a DL CC are pseudo-randomly located.
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