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1 Introduction

This contribution discusses search space design for R-PDCCH. In the past few meetings, it was decided and confirmed that two interleaving modes are to be supported for R-PDCCH transmission in multiplexing perspective [1]:

· REG–interleaved mode: REG-level interleaving with CRS for demodulation

· No interleaving mode: No- interleaving with CRS or DMRS for demodulation

It was also decided that DL grant should be transmitted in 1st slot and UL grant in 2nd slot, respectively. For REG-interleaved mode, Rel.8 search space design can be mostly reused with only few small changes unlike the case of No interleaving mode. In this contribution, we provide specific formulation of the search space for REG-interleaved mode and present how to support separate search spaces in the 1st and 2nd slots.
2 R-PDCCH formats and procedure
2.1 Reusing Rel-8 PDCCH search space
For R-PDCCH with REG-interleaved mode, RN receives pre-configured PRBs for R-PDCCH transmission via high-layer signalling and those PRBs are used for receiving CCEs. After receiving CCEs, blind decoding will be done in the logical CCE domain and the operation is mostly the same as Rel.8 PDCCH blind decoding. One difference is that RN should have two different logical CCE candidates for DL grant and UL grant, respectively. For simplicity, Rel.8 PDCCH search space definition can be extended in the respective slots and the subsequent section presents the search space design in the two slots. Except for some slight modification in designing the search space, Rel.8 PDCCH blind decoding procedure [2] can be reused. In designing the search space, the followings are fully reused from Rel.8 PDCCH design without any change. 

· Supported aggregation level
· Search space formula and hashing function
· RN-specific search space (UE-specific search space in Rel.8 PDCCH)
· Maximum number of blind decoding per aggregation level
2.2 Search space design per slot
As mentioned in section 2.1, two separate search spaces should be defined for R-PDCCH for the 1st and 2nd slots. As per the past agreement, R-PDCCH DL and UL grants are to be transmitted in the 1st and 2nd slots, respectively. Each RN has to do blind decoding in the respective slots to search its DL and UL grants. To define search space in slots, RN will compute  the total number of CCEs per slot,
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The search space design for Rel.8/9 PDCCH can be fully reused as presented below. The CCEs corresponding to R-PDCCH candidate m of the search space [image: image5.wmf])
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are extended from Rel.8 PDCCH search space design [2] and are given by
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 is a random variable for the RN, at aggregation level 
[image: image11.wmf]}

8

,

4

,

2

,

1

{

Î

L

[image: image13.wmf]1

,...,

0

)

(

-

=

L

M

m

and 
.   is the number of R-PDCCH candidates to monitor in the given search space. The aggregation levels defining the search space are given in table 2.3-1. Due to separate search space for DL and UL grant, the total number of blind decodes per subframe is twice than that for Rel-8 PDCCH, as DL and UL grants are transmitted in the subframe for a RN. The DCI formats that the UE shall monitor depend on the configured DL and UL transmission mode. In addition, the number of candidates for blind decoding and search space size will decrease compared to those defined for Rel.8/9, unless enough number of PRBs are pre-configured to the respective RNs for R-PDCCH. This is the reason why the “min” operation is included in the last column of Table 2.3-1.
Table 2.3-1: R-PDCCH candidates monitored by a RN

	Search space [image: image18.wmf])
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	Number of PDCCH candidates 



	Type
	Aggregation level L
	Size [in CCEs]
	

	RN-specific
	1
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For random variable for hashing function, one same variable 

 can be used in both slot and is defined by [2]
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For illustration of the above design based on Rel.8/9, an exemplary design of search space for R-PDCCH DL and UL grants are presented below. If 4 same PRBs are configured for RN 1 and RN 2 on the subframe number 3, the total number of CCEs in the 6th and 7th slots is 4 and 6, respectively. Each RN should have separate search spaces in the both slots within the 4 pre-configured PRBs and the CCE indexes for search space candidates are generated as given in table 2.3-2. As shown in the table, if available CCE size is less than CCEs required to support the maximum aggregation level, the number of total blind decoding candidates decrease than that of Rel.8 PDCCH. If UL MIMO is configurations for RN, twice the decoding trials are needed to detect the UL grant in the even slot.
	Example) RNTI of RN1 
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 in subframe number 3, then search space 
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   If 4 PRBs are configured [image: image50.wmf]4
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Table 2.3-2: Example of search space (4 PRBs are pre-configured for RN1 and RN2)
	Aggregation level L
	CCE index and order for BD of RN1
	CCE index and order for BD of RN2

	
	Odd slot (DL grant)
	Even slot (UL grant)
	Odd slot (DL grant)
	Even slot (UL grant)

	1
	2, 3, 0, 1
	4, 5, 0, 1, 2, 3
	0, 1, 2, 3
	2, 3, 4, 5, 0 ,1

	2
	0, 2
	2, 4, 0
	0, 2
	4, 0, 2

	4
	0
	0
	0
	0

	8
	-
	-
	-
	-

	Slot total
	7x2 =14
	10 or 20
	7x2=14
	10 or 20

	Subframe total
	24 or 34 (if UL MIMO is configured)
	24 or 34 (if UL MIMO is configured)


3 Conclusion
In this contribution, we discussed R-PDCCH search space and blind decoding for the REG-interleaved mode R-PDCCH transmission. In the presented search space design of REG-interleaved mode, Rel.8 search space design has been mostly reused with only few changes. The separate search space for DL and UL grants can be generated by using the slot index instead of the subframe index in Rel.8 PDCCH search space.
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