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1 Introduction
Related to M-PDCCH configuration, the following agreements were made in RAN1 #82/#82bis: 

· For an M-PDCCH transmitted with a repetition number R, the UE is able to determine R 

· The repetition R of the M-PDCCH is indicated by 2-bit in the DCI

· From UE perspective, the following SSs are supported:

· 1: CSS for paging

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same

· FFS whether the 2nd CSS for RAR is same as the 3rd SS 

· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup

· FFS: Whether other SS is additionally defined or can reuse USS for other common control signalling (e.g. for DCI 3/3A), if supported

In this contribution, we provide the remained detailed design of M-PDCCH UE-specific search space (USS) and common search space (CSS) for Rel-13 low-complexity UEs with respect to above agreements.  
2 Configuration of USS and CSS of M-PDCCH
The 2nd CSS is referred as RAR CSS in this contribution.  The 3rd SS could be named as initial USS, because UE decodes this SS based on temporary C-RNTI and it is used for scheduling UE-specific Msg3 retransmission and Msg4 transmission  in the random access procedure.
The parameters defining the initial USS can be the same as RAR CSS, except that the narrowband index for the initial USS is provided in RAR. UE will continue monitoring the initial USS after RRC connection is set up, until the UE receives its UE specific SS configuration.
The following parameters are needed for each M-PDCCH SS:
· Starting subframe 
· The narrow band index 
· Number of PRB-pairs within the narrow band 
· A set of candidates in the SS, each defined by a pair of (L, R)
· The transmission type (localized vs. distributed) 
· The DMRS scrambling sequence ID 
These parameters could be configured via four different ways: 

· Implicitly derivation from other parameter(s), e.g. by a t formula in the specification; 

· Value fixed in the specification;

· Configuration via dedicated RRC signaling or RAR;
· Broadcasted in SIB

Each SS shall consist a set of candidates, and each candidate is denoted by a pair (L, R). While it is possible to completely leave it to eNB configuration on the allowed values of (L, R) and the number of candidates for each (L, R) in a search space, this amounts to quite some configuration bits, either in SIB or in dedicated RRC signaling. In order to the SIB/RRC signaling overhead, three configuration classes are defined below. Each configuration will implicitly lead to a set of candidates (L, R), which reduces the SIB/RRC signaling overhead.
· M-PDCCH configuration class 1: In this case, the existing EPDCCH search space definition is reused. The repetition is fixed as 1, and L could be {1,2,4,8,16}. 
· M-PDCCH configuration class 2: In this case, the existing EPDCCH AL=8 and AL=16 is supported. In additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

· M-PDCCH configuration class 3: In this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.
M-PDCCH configuration class 1 can be used for scenarios where no repetition is required.  M-PDCCH configuration class 2 can be used for scenarios where small repetition number is required. M-PDCCH configuration class 3 can be used for scenarios where large repetition number is required. All of the SS, including paging CSS, RAR CSS, initial USS, USS, can be configured with one of the above three classes. The M-PDCCH configuration class (including the configuration of Rmax) together with the configured PRB set(s) for the M-PDCCH can implicitly lead to a set of candidates for the M-PDCCH search space. More details can be found in [1].
Table 1 gives the summary of the different search space (SS) configuration methods.
Table 1: Configuration of different M-PDCCH SS
	
	RAR CSS
	Initial USS
	Paging CSS
	USS

	Starting subframe
	Implicitly derived according configured M-PDCCH configuration class and the value of Rmax
	same as RAR CSS
	According to existing paging occasion configuration
	Implicitly derived according configured M-PDCCH configuration class and the value of Rmax

	Narrow band index
	SIB
	Given in UL grant in RAR 
	SIB


	RRC signaling

	Number of PRB-pair
	SIB
	Same as RAR CSS  
	SIB
	RRC signaling

	Set of candidates

{L, R}
	M-PDCCH configuration class and Rmax in SIB, from which the set of candidates is implicitly derived 
	Same as RAR CSS


	M-PDCCH configuration class and Rmax in SIB, from which the set of candidates is implicitly derived
	M-PDCCH configuration class and Rmax in RRC signaling, from which the set of candidates is implicitly derived

	The transmission type
	SIB
	Same as RAR CSS
	SIB
	RRC signaling

	The DMRS scrambling sequence ID 
	Fixed to PCID
	Same as RAR CSS 
	Fixed  to  PCID


	RRC  signaling




Proposal 1:  Configuration of different M-PDCCH search space is according to Table 1. 

Proposal 2: The following three M-PDCCH configuration classes are defined:
· M-PDCCH configuration class 1: In this case, the existing EPDCCH search space definition is reused. The repetition is fixed as 1, and L could be {1,2,4,8,16}. 
· M-PDCCH configuration class 2: In this case, the existing EPDCCH AL=8 and AL=16 is supported. In additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

· M-PDCCH configuration class 3: In this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.
3 Conclusions
In this contribution, we focus on the configuration of the different M-PDCCH search spaces. The following proposals are made: 
Proposal 1:  Configuration of different M-PDCCH search space is according to the following table.
	
	RAR CSS
	Initial USS
	Paging CSS
	USS

	Starting subframe
	Implicitly derived according configured M-PDCCH configuration class and the value of Rmax
	same as RAR CSS
	According to existing paging occasion configuration
	Implicitly derived according configured M-PDCCH configuration class and the value of Rmax

	Narrow band index
	SIB
	Given in UL grant in RAR 
	SIB


	RRC signaling

	Number of PRB-pair
	SIB
	Same as RAR CSS  
	SIB
	RRC signaling

	Set of candidates

{L, R}
	M-PDCCH configuration class and Rmax in SIB, from which the set of candidates is implicitly derived 
	Same as RAR CSS


	M-PDCCH configuration class and Rmax in SIB, from which the set of candidates is implicitly derived
	M-PDCCH configuration class and Rmax in RRC signaling, from which the set of candidates is implicitly derived

	The transmission type
	SIB
	Same as RAR CSS
	SIB
	RRC signaling

	The DMRS scrambling sequence ID 
	Fixed to PCID
	Same as RAR CSS 
	Fixed  to  PCID


	RRC  signaling




Proposal 2: The following three M-PDCCH configuration classes are defined:

· M-PDCCH configuration class 1: In this case, the existing EPDCCH search space definition is reused. The repetition is fixed as 1, and L could be {1,2,4,8,16}. 
· M-PDCCH configuration class 2: In this case, the existing EPDCCH AL=8 and AL=16 is supported. In additional, two candidates for each (L=24, R) are supported for R=1,2,4…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {1, 2, 4, 8, 16, 32}.

· M-PDCCH configuration class 3: In this case, two candidates for each (L=24, R) are supported for R=8, 16,…,Rmax/2; one candidate is supported for (L=24, R=Rmax). The Rmax value can be {8, 16, 32, 64, 128, 256}.
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