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1 Introduction

In the RAN1 #81 meeting, the following were agreed on the design of the physical downlink control channel for MTC (M-PDCCH) and coverage enhancement support for M-PDCCH [1]:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.
· FFS: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes.
· FFS: Details on PRG size
· Companies are encouraged to evaluate potential performance benefits due to PRG, especially comparing with precoding diversity. Impact due to frequency offsets can also be considered

· FFS whether localized or distributed or both needs to be supported for M-PDCCH

· To cover all possible aggregation levels

· FFS how to construct L=24 ECCEs
In this contribution, following the above agreements, we share our views on the remaining details regarding M-PDCCH resource allocation schemes for UEs operating coverage enhancements.
2 Distributed and Localized M-PDCCH Allocation
Both distributed and localized M-PDCCH allocation methods are supported in legacy EPDCCH. For the MTC reduced bandwidth of 1.4MHz, the frequency diversity gain for distributed method could be limited. On the other hand, when channel feedback is not available from UE, the localized allocation will not be very beneficial at least in FDD scenario. We have simulated both distributed and localized M-PDCCH allocation and we compare their performance in Figure 1, assuming that the CSI feedback is not available.
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Figure 1. Performance comparison of localized and distributed M-PDCCH allocation with aggregation of 16/24 ECCEs and repetition level of 8
On the other hand, PRB bundling can be supported for EPDCCH-based M-PDCCH to enable better channel estimation at the UE. UE may assume that the precoding used for EPDCCH-based M-PDCCH in a subframe is not changed across N contiguous PRBs where 2 ≤ N ≤ 6, i.e., the UE may assume that the precoding granularity in the frequency dimension is N PRBs. Note that for distributed EPDCCH-based M-PDCCH, antenna port switching is adopted and the UE may assume that the same precoders for Antenna Ports (APs) 107 and 109 are used for all PRBs within a PRB bundle for distributed EPDCCH-based M-PDCCH. Figure 2 shows the benefit of PRB bundling with PRG = 4 (AL=16) and 6 (AL=24) when it is applied to distributed M-PDCCH allocation.
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Figure 2. The benefit of PRB bundling for distributed M-PDCCH allocation with aggregation of 16/24 ECCEs
A similar concept of antenna port switching in the distributed M-PDCCH allocation can also be applied to localized M-PDCCH allocation. Instead of switching antenna port for every RE, two different precoders can be alternately used for every other PRB (per-PRB precoder cycling), while in the legacy localized EPDCCH, the same precoder is used for the entire PRBs. On top of that, PRB bundling can be applied such that, for example, the same precoders are applied for P=2/3 PRBs to allow better channel estimation and different precoder is selected for the rest of P=2/3 PRBs assuming M-PDCCH-PRB set sizes of 4 and 6 respectively. However, when P is equal to the total number of PRBs for M-PDCCH set, it boils down to applying PRB bundling in the legacy localized EPDCCH allocation.
Observation 1:

· Without CSI feedback from UE, distributed allocation performs better than localized allocation due to the gain from antenna port switching.
· However, it may be possible to realize similar performance as distributed M-PDCCH with localized M-PDCCH with per-PRB precoder cycling. Further, certain configuration of PRB bundling may be used to improve the channel estimation performance without completely losing spatial diversity benefits.
3 Support of L=24 ECCEs
At the RAN1 #80 meeting, the following was agreed [1]: 

"For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs.”

This implies that the maximum aggregation level of 24 ECCEs should be supported with EPDCCH PRB-set of 6 PRB pairs, in order to reduce the repetition level for an acceptable latency and power consumption performance. According to the current specifications, an EPDCCH PRB-set can only span 2, 4, or 8 PRB pairs in frequency domain.  A new method of ECCE to resource element mapping needs to be designed for both localized and distributed EPDCCH allocation with aggregation level of 24 ECCEs. 
For the ECCE to EREG mapping for distributed EPDCCH, the mapping equation can be modified as below to support EPDCCH PRB-set of 6 PRBs while being backward compatible to currently valid configurations.
Proposal 1:
· Support of L= 24 ECCEs is realized by defining an M-PDCCH-PRB set of size 6. Further, modify the ECCE to EREG mapping equation from TS 36.211:
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Compared to the alternative of defining L=24 using a combination of a 4-PRB and 2-PRB M-PDCCH-PRB sets, one benefit of defining PRB-set size of 6 is that only one PRB-set needs to be configured for UE-SS for a UE. This leaves the option of using the existing option of configuring a second M-PDCCH-PRB set as a non-UE-specific search space for M-PDCCH for UEs in RRC CONNECTED mode [2]. Another benefit is in terms of spreading the ECCEs for distributed M-PDCCH with AL < 24 over the entire 6 PRB-pairs compared to the options of using a smaller (size 4 or 2) M-PDCCH-PRB sets.
4 Conclusions

In this contribution, we provided our views on some of the remaining details of coverage enhancements M-PDCCH. Based on the discussion presented, we summarize our observations and proposals in the following:
Observation 1:

· Without CSI feedback from UE, distributed allocation performs better than localized allocation due to the gain from antenna port switching.
· However, it may be possible to realize similar performance as distributed M-PDCCH with localized M-PDCCH with per-PRB precoder cycling. Further, certain configuration of PRB bundling may be used to improve the channel estimation performance without completely losing spatial diversity benefits.
Proposal 1:
· Support of L= 24 ECCEs is realized by defining an M-PDCCH-PRB set of size 6. Further, modify the ECCE to EREG mapping equation from TS 36.211:
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Appendix
Link Level Simulation Assumptions

	Parameter
	Value for EPDCCH

	MTC bandwidth
	1.4MHz

	System bandwidth
	10MHz

	Control start symbol
	2

	ePDCCH type
	Distributed (also compared with localized)

	DCI payload size (including CRC)
	FDD: 37 bits

	MTC Control channel resource
	{4,6 PRBs}

	Number of transmit antennas
	2 (FDD) 

	Number of receive antennas
	1

	BLER operating point
	1%

	Antenna correlation
	low

	Channel model
	EPA

	Channel speed
	1Hz

	Carrier frequency
	2GHz (FDD)

	Frequency tracking error
	100Hz

	Symbol timing accuracy
	Perfect

	Reference symbols
	DMRS

	Channel estimation
	Non-ideal

	CSI-RS
	Without CSI-RS

	MBSFN subframes
	Non-MBSFN subframes
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