3GPP TSG RAN WG1 Meeting #61                               R1-102709
Montreal, Canada, 10th – 14th May 2010
Agenda Item: 
6.2.3.2
Source: 
LG Electronics
Title:
Blind Decoding Reduction Methods
Document for:
Discussion and Decision
1 Background

In RAN1 #60bis meeting, the followings were agreed as a WF on blind decoding (BD) [1, 2].
· The supported maximum number of blind decodes is X times the number of aggregated CCs supported by the UE 

· Note that this applies regardless of the maximum supported BW of the UE. 

On the top of the maximum upper limit of BDs, BD reduction schemes are discussed in detail in this contribution.
2 Blind Decoding in the Cross-Carrier Scheduling
In the cross-carrier scheduling, the BD complexity is increased depending on the number of scheduled CCs from a monitoring CC. In order to reduce the number of BDs in a PDCCH monitoring CC, some coordinations can be applied in the cross-carrier scheduling as follows:
· Limited CCE aggregation levels: The number of CCE aggregation levels can be limited for each scheduled CC. However, it should be carefully applied because the CCE aggregation level is determined according to the coding rate for the reliable PDCCH transmission.
· Reduced search space size: The search space size can be reduced for each scheduled CC. However, the PDCCH blocking probability can be increased, and in addition, this scheme should be discussed together with search space designs. 
· Size adaptation on DCI formats: Multiple DCIs with different sizes can be contained in the unified size of DCI. The number of unified containers and padding overhead should be carefully investigated.
In the following section, candidates for BD reduction are described considering some coordinations noted above. In this contribution, we assume that the maximum number of BDs in Rel-10 for UE-specific PDCCH is “48xNcc” considering {6, 6, 2, 2} PDCCH candidate for {1, 2, 4, 8} aggregation level with 3 DCIs (2 DCIs in Rel-8 + new UL DCI in LTE-A) and Ncc scheduled CCs.
3 Candidates for Blind Decoding Reduction
· Method 1: DCI format size adaptation
With the DCI format size adaptation, multiple sizes of DCI formats can be decoded by only a single BD on the same search space. A unified size of DCI including multiple existing DCI formats can be called “container”. The DCI size adaptation over all candidate DCI payload sizes considering all possible BWs and transmission modes can be considered with multiple containers (e.g. 2~4 containers). With the number of containers M, 16xM BDs are required on the same UE-specific search space. DCI size adaptation over all possible payload sizes can cause excessive padded bit overhead due to various range of DCI sizes, e.g. 24 ~ 70 bits in Rel-8. Therefore we can consider DCI format size adaptation over selected DCI payload sizes for efficient size adaptation. Details of payload size restriction method are in [3].
Proposal 1: The DCI format size adaptation over selected DCI payload sizes can be considered for BD reduction. 
When we consider the DCI size adaptation, padding or resource allocation (RA) field compression is a possible way to construct a container with different sizes of DCIs. Padding has no restrictions for fitting DCI formats on a specific container size, and can be used regardless of the factors causing DCI payload difference. In contrast to the padding, RA field compression [4, 5] is only applicable to the size adaptation between different BWs. Thus, we prefer padding to RA compression for the DCI format size adaptation method. Padding overhead of each DCI formats in a container, of course, should be carefully investigated. Details of the number of containers and the exact padding in each container should be further studied.
Proposal 2: Padding should be considered for the DCI size adaptation. Details of the number of containers and the exact padding overhead in each container should be further investigated.
· Method 2: Limited CCE aggregation level
In Rel-8, an UE performs BD with four CCE aggregation levels of {1, 2, 4, 8}. If we don’t consider any limitation on the number of monitored CCE aggregation levels, 48xNcc BDs are required for carrier aggregation. In Rel-10, the number of CCE aggregation level can be limited for each scheduled CC, and then an UE tries to decode PDCCH with two or three CCE aggregation levels for BD reduction. If the CCE aggregation level per scheduled CC is reduced to 2 levels {1, 2}, the maximum number of BDs is reduced to 36xNcc. And, if the CCE aggregation level per scheduled CC is reduced to 3 levels {1, 2, 4}, the maximum number of BDs is reduced to 42xNcc. The monitored CCE aggregation levels {1, 2} or {1, 2, 4} per CC can be explicitly signaled using UE-specific RRC or UE-specific primary PDCCH. Details of this signaling should be further studied.

This CCE aggregation level restriction can be differently used on the PCC and SCCs. It means that the UE performs Rel-8 BDs on the PCC, and the CCE aggregation level for SCCs can be implicitly determined by the detection result of the PDCCH on PCC. For example, PDCCH for PCC is decoded with CCE aggregation level 1, an UE implicitly assumes that only {1, 2} CCE aggregation levels are used for PDCCH transmission in SCCs because each CC has a correlation on long-term geometry and similar aggregation levels can be expected between CCs. In this case, the number of BDs are reduced to 48 + 36x(Ncc-1).
Proposal 3: Limitation on the monitored CCE aggregation level per scheduled CC can be considered. Further study is needed for signalling ways and methods to determine limited CCE aggregation levels. 
· Method 3: Reduced search space size 
In Rel-8, search space sizes of {6, 6, 2, 2} is provided for CCE aggregation levels of {1, 2, 4, 8}, respectively. If we don’t consider any search space size reduction, 48xNcc BDs are required for carrier aggregation. In Rel-10, the search space size can be reduced for each scheduled CC. For example, the search space size is reduced to {3, 3, 1, 1} or {4, 4, 2, 2} for aggregation levels of {1, 2, 4, 8}, the required number of BDs are 24xNcc BDs or 36xNcc BDs, respectively.
In addition, this search space size reduction can be differently used on the PCC and SCCs. The Rel-8 search space size is maintained on the PCC, and the reduced search space size is only applied for SCCs. In this case, 48 + 24x(Ncc-1) BDs or 48 + 36x(Ncc-1) BDs are required for reduced search spaces of {3, 3, 1, 1} or {4, 4, 2, 2}, respectively.
As discussed above, if the search space size for each scheduled CC is decreased, the total BD overhead is reduced while the PDCCH blocking probability is increased. Further study is needed for detailed search space design considering the scheduling flexibility, blocking probability, BD complexity, and etc. 
Proposal 4: Reduced search space can be considered for each scheduled CC. Further study is needed for reduction levels of search spaces with conjunction of detailed search space design.

4 Summary
The DCI format size adaptation is one of BD reduction methods without any increase in PDCCH blocking probability and scheduling restriction. For DCI format size adaptation, we propose the followings:
· Proposal 1: The DCI format size adaptation over restricted DCI payload sizes should be considered for BD reduction. 
· Proposal 2: Padding should be considered for the DCI size adaptation. Details of the number of containers and the exact padding overhead in each container should be further investigated.
The restriction on the CCE aggregation level and/or PDCCH candidate positions can be also considered for BD reduction. Two possible ways can be considered as follows: 
· Proposal 3: Limitation on the monitored CCE aggregation level per scheduled CC can be considered. Further study is needed for signalling ways and methods to determine limited CCE aggregation levels. 

· Proposal 4: Reduced search space can be considered for each scheduled CC. Further study is needed for reduction levels of search spaces with conjunction of detailed search space design.
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