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1
Introduction
In RAN1 #82, the followings have been agreed as a progress for M-PDCCH search space design for MTC UEs [1]:
Agreement: 

· For coverage enhancement, an M-PDCCH candidate is composed by consecutive valid subframes

· For an M-PDCCH UE-specific search space for a UE at least in normal coverage/ small coverage enhancement

· M-PDCCH candidates with different L (aggregation level) is supported

· FFS: other coverage enhancement case(s)

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 

· For an M-PDCCH CSS for a UE in coverage enhancement

· M-PDCCH candidates with different R (number of repetitions) is supported

· PUSCH HARQ feedback is realized using M-PDCCH

· Note that this does not preclude HARQ feedback to multiple UEs by single M-PDCCH

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

In this contribution, we will discuss on the remaining issues for the M-PDCCH search space design.
2
M-PDCCH CSS
Based on the RAN1 working assumption, the RAR is scheduled by M-PDCCH always irrespective of the number of RARs multiplexed in the associated PDSCH. Also, it has been agreed that the frequency location of the M-PDCCH for RAR reception is determined by the PRACH resource used. Since the PRACH resource is configured for each CE level, the associated M-PDCCH for RAR can be also a CE level specific. Therefore, the M-PDCCH search space for RAR reception can be determined based on the CE level of the PRACH resource in order to minimize the blind decoding complexity while reducing blocking probability.
Proposal-1: the M-PDCCH CSS for RAR is dependent on the CE level for the associated PRACH resource.
As different from the M-PDCCH CSS for RAR, the M-PDCCH search space for paging should be independent from the CE level of the UE. The eNB can change a CE level of a UE anytime without indication, a UE therefore needs to monitor all CE levels in each paging occasion. Moreover, multiple paging records can be multiplexed in a same PDSCH and the multiplexed paging records may be for the UEs with different CE levels. Therefore, the M-PDCCH CSS for paging should include all CE levels and a UE needs to monitor all M-PDCCH candidates within the search space.
Proposal-2: the M-PDCCH CSS for paging is irrespective of the CE level for the associated PDSCH carrying paging record.

Even though M-PDCCH search space for RAR and paging is commonly used for a group of UEs, it is not necessarily be the same search space given that there is no case that a low-cost UE needs to monitor RAR and paging at the same time since the paging for system information update is only used for a UE in RRC_IDLE. Therefore, the M-PDCCH CSS for RAR and paging can be configured and determined independently.
Proposal-3: the M-PDCCH search spaces for RAR and paging are configured and/or determined independently.

3
M-PDCCH USS
The aggregation level 24 (L=24) is supported for M-PDCCH when 6 PRBs are configured as M-PDCCH resource so that the number of repetition can be reduced with a larger aggregation level. However, using only L=24 as M-PDCCH candidates may result in higher blocking probability when the 6 PRB resources are shared with coverage limited and normal coverage UEs (i.e., M-PDCCH resources are fully or partially overlapped).

The figure 1 shows the blocking probability of normal coverage UE when the 6 PRBs are shared by a single coverage enhanced UE using total aggregation level 96 and multiple normal coverage UEs. In the simulation, the single CE UE is scheduled within 120, 80, and 40ms window, therefore if a larger aggregation level is used then a shorter time is occupied by the coverage limited UE while the possibility to schedule normal coverage UE during that shorter time gets reduced.

As seen in the figure 1, using a lower aggregation level with longer repetition for the coverage limited UE provide lower blocking probability. The blocking probability degradation gets more serious with larger aggregation level and shorter scheduling cycle of the coverage limited UE. 
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Figure 1. The blocking probability of normal coverage UE sharing the same M-PDCCH resource

From the observation, it seems to be beneficial to use lower aggregation level with a longer repetition number if the PRB resources are shared with normal coverage UE.
Proposal-4: L<24 is used for M-PDCCH candidate with 6 PRB configuration in CE. 
As agreed, an M-PDCCH candidate is defined as a combination of {L, R}. A search space has been used for (E)PDCCH in order to reduce the number of blind decoding complexity but still provide a decent amount of scheduling flexibility at the eNB scheduler.
Since more than one CE levels may be used for M-PDCCH as similar to PRACH, the M-PDCCH UE-specific search space should be defined per CE level so that the blind decoding complexity can be reduced while higher scheduling flexibility can be provided. The table 1 is an example of M-PDCCH candidates according to the CE level.
Table 1. An example of M-PDCCH candidates according to the CE level.
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	16
	2
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	4
	2
	4
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	8
	2
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	16
	16
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	4

	
	24
	8
	
	2
	2

	
	24
	16
	
	
	2

	
	24
	32
	
	
	2


In order to allow CE level switching of M-PDCCH, the M-PDCCH candidates can be partially overlapped between adjacent CE levels.
Proposal-5: a subset of {L, R} combinations is used as a UE-specific search space for each CE level. 
3
Conclusion
In this contribution, we discussed on M-PDCCH search space. From the discussions and observations, we propose followings: 
Proposal-1: the M-PDCCH CSS for RAR is dependent on the CE level for the associated PRACH resource.

Proposal-2: the M-PDCCH CSS for paging is irrespective of the CE level for the associated PDSCH carrying paging record.
Proposal-3: the M-PDCCH search spaces for RAR and paging are configured and/or determined independently.

Proposal-4: L<24 is used for M-PDCCH candidate with 6 PRB configuration in CE. 
Proposal-5: a subset of {L, R} combinations is used as a UE-specific search space for each CE level. 
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Annex
Table 1. Simulation assumptions
	Antenna configuration
	2x1

	Channel models
	UMa

	Velocity [km/h]
	3

	Chanel estimation
	Ideal

	HomoNet deployment
	57 cells

	M-PDCCH scheduling
	Random

	M-PDCCH configuration
	6 PRB pairs

	Number of UE and distribution
	16 UEs/cell, uniform distribution

	Coverage limited UE details
	1 UE with a single ePDCCH candidate scheduled every x subframe window, x = 40, 80, 120

	Normal coverage MTC UEs
	BD candidates – {8, 4, 2, 1} for AL {1, 2, 4, 8}

	Drops, TTIs
	2 drops and 5000TTIs per drop

	Aggregation level [# of eCCE/ CCE] - distribution
	{1, 2, 4, 8} – {60%,20%,15%,5%}
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