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1 Introduction
In RAN1#81, M-PDCCH was discussed with the following agreements.

Agreement:

· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
· 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

Conclusion:

· 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, we discuss the remaining issues on M-PDCCH design.
2 Discussion

It has been agreed that Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for both MTC UEs in normal coverage and in enhanced coverage. Rel-11 EPDCCH supports both localized and distributed transmissions. When accurate CSI feedback can be acquired by the eNB, beamforming can be used for localized transmission to improve the transmission performance of M-PDCCH. Furthermore, when the MTC traffic is light, localized transmission is beneficial to reduce the total overhead and the unused PRBs can be shared with other normal UEs. Therefore, from the aspect of spectral efficiency, localized transmission shall be supported at least for low complexity MTC UEs in normal coverage. For distributed transmission, since only maximum 6 continuous PRBs can be used, the frequency diversity gain may be less obvious than large bandwidth. However, for MTC UEs without accurate CSI feedback, e.g., UEs in enhanced coverage and UEs receiving common messages, random beamforming can be adopted with distributed transmission to provide robust decoding performance. Furthermore, distributed transmission itself can improve anti-interference performance for M-PDCCH. Therefore, we propose for M-PDCCH, both localized and distributed transmissions shall be supported.

Proposal 1:  For M-PDCCH, both localized and distributed transmissions shall be supported.
It has been agreed a maximum aggregation level equivalent of 24 ECCEs is introduced for LC/CE UEs. The most straightforward approach is to introduce PRB set size of 6. Therefore, we propose that PRB set size of 6 shall be introduced for M-PDCCH. 

Proposal 2: PRB set size of 6 shall be introduced for M-PDCCH.
When M-PDCCH is not repeated, multiple aggregation levels (aggregation levels such as 1/2/4/8/16/24) can be monitored. Furthermore, the eNB can configure MTC UEs a subset of aggregation levels the MTC UEs shall monitor  based on each UE’s RRM measurement or CSI report in order to  reduce the total M-PDCCH blind detection complexity and thus reduce the decoding power consumption.

Proposal 3: For MTC UEs in normal coverage, a subset of aggregation levels of 1/2/4/8/16/24 can be configured for MTC UEs in a UE-specific manner based on UE’s RRM measurement or CSI report.
When M-PDCCH is repeated, it is preferred that one M-PDCCH containing one DCI is only allowed to be mapped to fully occupy available REs in 6 PRB pairs from UE power consumption, UE decoding complexity and eNB scheduling complexity perspectives as analyzed in our contribution [1]. On the other hand, M-PDCCH AL smaller than 24 may be preferred from scheduling flexibility perspective. If small aggregation levels such as 1/2/4 are used for M-PDCCH repetition, the total M-PDCCH repetition time will be quite long and the power consumption for M-PDCCH decoding will be significantly increased. Therefore, we propose at least aggregation levels smaller than 8 shall not be configured when M-PDCCH is repeated. 
Proposal 4: At least aggregation levels smaller than 8 shall not be configured for M-PDCCH repetition.
Based on the above discussion, M-PDCCH search space in enhanced mode can be configured by a parameter set {L, R, Number in time domain} for each M-PDCCH coverage level, where L is ECCE aggregation level, R is the number of repetition and Number in time domain represents the repeated number in time domain of M-PDCCH candidate for a repetition level. For example, M-PDCCH search space design showed in Figure 1 can be represented by the configurations listed in Table 1. Note that the numerical values of R in the table are just shown as example.
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Figure 1   an example of M-PDCCH search space
Table 1 (a) Configuration for the M-PDCCH search space in Figure 1a

	parameters
	L
	R
	Number in time domain

	CE level 1
	24
	10
	4

	CE level 2
	24
	40
	2

	CE level 3
	24
	200
	1


Table 1 (b) Configuration for the M-PDCCH search space in Figure 1b

	parameters
	L
	R
	Number in time domain

	CE level 1
	12
	10
	4

	CE level 2
	8
	40
	2

	CE level 3
	24
	200
	1


Furthermore, it has been agreed in RAN1#81meeting that paging and RAR can be carried in M-PDCCH-scheduled PDSCH or M-PDCCH itself; therefore common M-PDCCH search space shall be supported. The configuration for common M-PDCCH search space can be signaled in MTC SIB. For the UE specific M-PDCCH search space, from the aspects of eNB scheduling flexibility and the system efficiency, the M-PDCCH search space for different UEs can be overlapped or non-overlapped thus the eNB can make the best scheduling decision based on the traffic and coverage level of the MTC UEs. Therefore, UE specific configuration is preferred for UE specific M-PDCCH search space.
 Proposal 5: Common M-PDCCH search space shall be supported. UE specific configuration is preferred for UE specific M-PDCCH search space.
Cross-subframe channel estimation can improve the EPDCCH decoding performance for UEs in enhanced coverage, and it has been agreed that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes to facilitate cross-subframe channel estimation. Furthermore, as illustrated in [2][3], PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe can also bring in obvious performance gain. Therefore PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.  For the size of PRG, compromise shall be made between the gain of channel estimation arising from PRG and RBF. PRG of size 3 may be a preferred choice. 
Proposal 6: PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.

3 Conclusions

In this contribution, we discuss remaining issues on M-PDCCH design with the following proposals:

Proposal 1:  For M-PDCCH, both localized and distributed transmissions shall be supported.
Proposal 2: PRB set size of 6 shall be introduced for M-PDCCH.
Proposal 3: For MTC UEs in normal coverage, a subset of aggregation levels of 1/2/4/8/16/24 can be configured for MTC UEs in a UE-specifically manner based on UE’s RRM measurement or CSI report.
Proposal 4: At least aggregation levels smaller than 8 shall not be configured for M-PDCCH repetition.
Proposal 5: Common M-PDCCH search space shall be supported. UE specific configuration is preferred for UE specific M-PDCCH search space.
Proposal 6: PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.
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