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1
Introduction

During RAN1 #60bis meeting the following is suggested as the starting point for the discussion on the PDCCH starting point based on the two way forward papers [1][2].

· In case of cross-carrier scheduling

· Total search space size is extended beyond Rel-8 size

· For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

· “Overlapped” includes cases where the search spaces can sometimes fully overlap due to the randomization of PDCCH

· FFS whether a UE’s search spaces can be shared in case of same DCI size 

· Other details of how to define the search spaces are FFS

To expedite the progress, companies’ views on the following three main points were asked and discussed on the RAN1 email reflector.

1. Point 1: For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC

2. Point 2 (if supports Point 1): Whether a UE’s search spaces on a PDCCH CC can be shared in case of same DCI size

3. Point 3 (If supports Point 1): Other details on how to define the search spaces, including whether individual hashing for each CC-specific search space of a UE or a single UE-specific hashing for multiple search spaces of a UE should be defined

2
Discussion
The following summarizes companies’ views on the three points on the PDCCH search space design and makes some suggestions.

1. Point 1: For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC
26 companies (LGE, Huawei, Philips, DOCOMO, Pantech, RIM, CMCC, Potevio, Intel, Panasonic, LG-Nortel, NEC, Ericsson, ST-Ericsson, ASUSTeK, Nokia, Nokia Siemens Networks, InterDigital, Samsung, Qualcomm, ZTE, Motorola, HTC, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ETRI) agreed with the point 1 and no other views have been posted.
Proposal: For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC. 
2. Point 2 (if supports Point 1): Whether a UE’s search spaces on a PDCCH CC can be shared in case of same DCI size
18 companies (LGE, Huawei, Philips, DOCOMO, Pantech, RIM, CMCC, Fujitsu, Potevio, Intel, LG-Nortel, NEC, ASUSTeK, Qualcomm, HTC, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, ETRI) agreed with the point 2 to reduce the PDCCH blocking. On top of the point 2, Qualcomm proposed to allow search space sharing in other cases depending on the UE carrier aggregation capability and the number of blind decodes for single carrier operation.
3 companies (Ericsson, ST-Ericsson, Samsung) objected to the point 2 due to the additional complexity and increased false detection compared to the situation without search space sharing.

2 companies (Nokia, Nokia Siemens Networks) noted that they didn’t have a strong view but shared some of Ericsson’s concerns on the point 2.

1 company (InterDigital) noted that they do not see an immediate need of introducing the point 2.

1 company (ZTE) noted that their opinion that they didn’t have problem with the point 2 but we might leave it for later stage.
1 company (Motorola) noted that the point 2 can be considered based on some benefits in blocking performance but they agree that impact on overall performance and additional complexity should be studied.

Proposal: Try to agree that a UE’s search spaces on a PDCCH CC are shared in case of same DCI size. Further extension of search space sharing is FFS. 
3. Point 3 (If supports Point 1): Other details on how to define the search spaces, including whether individual hashing for each CC-specific search space of a UE or a single UE-specific hashing for multiple search spaces of a UE should be defined
Since this was the initial discussion on a detailed aspect of the search space design, there were various views on this point. The options raised may be categorized as follows. 

opt.1) defining independent (or different) hashing for each CC-specific search space

opt. 2) defining single hashing function (maybe, same hashing function as in Rel-8)
opt. 2-1) The CC-specific search spaces are placed consecutive to each other.
Opt. 2-2) The CC-specific search spaces are placed with offset.

In addition, interleaving between CC-specific search spaces is mentioned. It was also suggested reusing the Rel-8 design as much as possible. It was also suggested that important point is not the hashing function itself but the placement and the relationship between the search space candidates for individual UE’s should remain unaltered when compared with Rel-8

The comments from the individual companies are as follows.

	Company
	Comments

	LGE
	FFS

	Huawei
	In the contribution R1-103083, we compared 3 candidate methods. 1, Starting CCE index for each search space is independently derived using hashing function based on CIF. 2, Concatenation 3, Interleaving. Method 3 provides the best performance when CCE resource is large enough. The benefit decreases when CCE resource is limited. In some cases, method 2 and 3 can perform even worse than method 1. On the other hand, method 1 is most reliable when related RRC signaling is reconfigured and/or when DL CC is (de)activated. In all, we propose method 1 to be adopted.

	Philips
	The proposed method 1 from Huawei (or similar) looks promising. In general , there may be some simplification if the search space for a given CC is independent of whether cross carrier scheduling is applied or not.

	DOCOMO
	In our contribution R1-103246, we present both the same and different hashing function generation methods. Based on the preliminary results, no clear performance difference was observed. Hence, further investigation is necessary to decide whether the same or different hashing function is employed. Please see more detail in R1-103246.

	Pantech
	FFS

	RIM
	FFS. In R1-103064, we also compared 3 candidate methods same as listed by Huawei.  All of these alternative approaches seem feasible to be implemented without big modifications on Rel-8 specification. In terms of overlapping probability between search spaces, method 2 and 3 introducing less overlapping than method 1. However, we could have more discussion on other aspects during the meeting.

	CMCC
	Jointly considering the standard effort, UE implementation issue and practical performance, we prefer method 1 as Huawei categorized above.

	Fujitsu
	Method 1 is preferred among the three methods shown by Huawei. The harsh function should include some carrier-identification-related parameter.

	Potevio
	For a UE, search space for PDCCH can be defined by different hashing function which is based on CC-specific. It can relate to CI value, but how UE get this value is FFS. By RRC signalling or other way needs further discuss

	Intel
	Our contribution R1-102811 proposes how to define the search space.

	Panasonic
	Consecutive location of multiple search spaces is simple but causes overlap with other UE’s search spaces on multiple CC depending on the starting index. On the other hand, using multiple hashing functions well randomizes between UEs but self-overlapping would degrade PDCCH blocking in narrow band operation. One possibility is search spaces are derived from one hashing function and a UE specific offset between search spaces. Depending on the configuration of the offset, both operation with consecutive location and operation with randomized locations are possible. Details are discussed in R1-102852.

	LG-Nortel
	FFS

	NEC
	FFS

	Ericsson/

ST-Ericsson
	This need to be further studied, as a starting point we should reuse as much as possible of Rel-8, i.e. that the same hashing function as in Rel-8 and the search space are placed consecutive to each other.

	ASUSTeK
	FFS. Agree with Panasonic that having offset between search spaces allow eNB to control the overlap situation and randomization between UE as well, which is quite important. Since having CC specific entries before applying hashing function might come with serious self-blocking between search spaces.

	Nokia/Nokia Siemens Networks
	We share the view with Ericsson

	InterDigital
	Our preference goes toward reusing R8 PDCCH design as much as possible for R10, and alignment between the R10 CIF and non-CIF case. However, we do not see the question of the initialization values for the search space hashing function itself as an issue. On the other hand, the placement and relationship of the PDCCH search candidates for the UE individual search spaces should remain un-altered when compared to R8.

	Samsung
	We are fine with Huawei suggestion or Panasonic’s suggestions for having an offset.

	Qualcomm
	As discussed in our contribution R1-102741, since the UE is only assigned with a single C-RNTI, it is preferable to have a single hashing function. An offset can be introduced for each additional CC, where the details of the offset can be FFS.

	ZTE
	The design of the expanded search spaces should be considered the block probability and compatibility of R8. The details of comparison of designs are shown in R1-102892. We would like to reuse as much as possible from Rel-8 functions.

	Motorola
	CIF based offset relative to the starting CCE determined by the release-8 hashing function seems a simple extension to determine the CIF CC SS starting CCE location.

	HTC
	We also prefer to reuse Rel-8 design as much as possible and consider the alignment between CIF and non-CIF between Rel-10. One hashing function and offset to be applied could be CC specific and/or UE specific.

	Alcatel-Lucent/Alcatel-Lucent Shanghai Bell
	FFS. Reuse of Rel-8 design as much as possible.

	ETRI
	FFS


Proposal: Discuss further on the more detailed search spaces design including the placement of CC-specific search spaces in a PDCCH monitoring CC considering the options above.  
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