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1 Introduction
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 repeated, one M-PDCCH containing one DCI mapped to all the resources in 6 PRB pairs should be supported from UE power consumption, UE decoding complexity and eNB scheduling complexity perspectives. In addition, M-PDCCHs multiplexed in a FDM manner can be considered. However, if quite 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 huge, which shall be avoided. Therefore, we propose even if M-PDCCH repetition in a FDM manner is supported, aggregation levels smaller than 8 shall not be configured.

Proposal 3: Aggregation levels smaller than 8 shall not be supported for M-PDCCH repetition.

On the other hand, multiple M-PDCCH candidates with the same {L, R} mapped in a TDM manner can be supported in order to provide more M-PDCCH candidates.
Proposal 4: Multiple M-PDCCH candidates with the same {L, R} mapped in a TDM manner can be supported.
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


During RAN1#80bis meeting, the following options have been summarized for the initialization of UE-specific EPDCCH configuration:
· Alt.1A: Dedicated RRC signaling scheduled by EPDCCH in common search space(CSS) if CSS is supported
· The parameters for UE-specific EPDCCH set initialization are included in the RRC signaling scheduled by EPDCCH in CSS
· FFS: The configuration and design of this CSS
· Alt.1B:  Signaling scheduled by EPDCCH in common resources (ref. R1-150060)

· The parameters for UE-specific EPDCCH set initialization are scheduled in common resources

· Alt.2: System information blocks for MTC
· The parameters for UE-specific EPDCCH set initialization are included in the SIBs 
· FFS: Details of scheduling of SIB
· Alt.3A: Messages during RACH: RAR
· The parameters for UE-specific EPDCCH set initialization are included in the RAR
· FFS: Details of scheduling of RAR
· May be combined with Alt.1 or Alt.2
· Alt.3B: Messages during RACH: Message 4
· The parameters for UE-specific EPDCCH set initialization are included in message 4
· FFS: Details of scheduling of message 4

For the above options, alt2 is not preferred because it is difficult to inform the initialization of UE-specific EPDCCH configuration (e.g., the narrowband/PRB set/antenna port(s) of M-PDCCH for a specific MTC UE) by a common SIB message. Among alt 1A and alt 1B, alt 1A is preferred for the transmission flexibility of M-PDCCH which schedules the RRC signaling. However, when and how the MTC UE can get the dedicated RRC signaling scheduled by MTC PDCCH in CSS is unclear. For example, MTC UEs shall be informed C-RNTI or temporary C–RNTI before receiving dedicated RRC signaling. That means by alt 1A, initialization of UE-specific EPDCCH configuration can only begin at least after UE receiving RAR message. For alt 3A, the RAR payload will obviously be increased which shall be avoided for common message transmission in order to control the total repetition number for the RAR message. For alt 3B, since msg4 is the first UE-specific message, including the parameters for UE-specific EPDCCH set initialization in message 4 is a natural option and this scheme is in line with the current scheme to inform the UE-specific configuration in Msg4. Therefore, Msg4 is preferred for the initialization of UE-specific EPDCCH configuration.        
Proposal 5: Msg4 is preferred for the initialization of UE-specific EPDCCH configuration.     
Furthermore, it has been confirmed in RAN1#82 meeting that paging and RAR are carried in M-PDCCH-scheduled PDSCH. Furthermore, if it would be agreed that Msg4 is used for the initialization of UE-specific EPDCCH configuration as we propose above, M-PDCCH in CSS is necessary to schedule Msg4 and the retransmission of Msg3. Therefore common M-PDCCH search space shall be supported. The configuration for common M-PDCCH search space can be signaled in MTC SIB. Therefore, we propose to confirm the following working assumption reached in RAN1#82 meeting:
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

Proposal 6: Common M-PDCCH search space shall be supported. 
For the M-PDCCH scheduling RAR, multiple decoding candidates may be needed to schedule RAR corresponding to different PRACHs. For example, when there is only one downlink NB to transmit RAR messages for different PRACHs multiplexed in TDM manner in the same uplink NB or  multiple PRACHs in different uplink NBs. Therefore, more than one decoding candidate of the CSS in a narrowband should be supported.
For the MTC UEs, monitor different decoding candidates of the CSS in the narrowband is beneficial from the aspects such as scheduling flexibility and system efficiency. For example, for RAR message scheduling, the eNB can decide to utilize M-PDCCH with large aggregation level and small repetition number or small aggregation level and large repetition number based on the detection of the PRACH.   
Proposal 7: Multiple decoding candidates of the CSS in a narrowband are necessary and MTC UEs can monitor different decoding candidates of the CSS in the narrowband.
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 [1][2], 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.  In [3], it has been pointed out the UE’s process complexity would be increased if PRB bundling is used in M-PDCCH localized mode while for M-PDCCH in distributed mode, the problem does not exist. In our view, for UE’s in enhanced coverage, generally M-PDCCH in distributed mode can be used to get robust decoding performance for M-PDCCH with repetition. Even if M-PDCCH in localized mode is used in enhanced coverage, at least 2 or 3 PRBs shall be used to reduce the total M-PDCCH repetition number. Therefore, at least for M-PDCCH in enhanced coverage, PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported. For the size of PRG, compromise can be made between the gain of channel estimation arising from PRG and RBF. PRG of size 2 or 3 may be a preferred choice. 
Proposal 8: At least for M-PDCCH in enhanced coverage, 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: Aggregation levels smaller than 8 shall not be supported for M-PDCCH repetition.

Proposal 4: Multiple M-PDCCH candidates with the same {L, R} mapped in a TDM manner can be supported.
Proposal 5: Msg4 is preferred for the initialization of UE-specific EPDCCH configuration.     
Proposal 6: Common M-PDCCH search space shall be supported. 
Proposal 7: Multiple decoding candidates of the CSS in a narrowband is necessary and MTC UEs can monitor different decoding candidates of the CSS in the narrowband.

Proposal 8: At least for M-PDCCH in enhanced coverage, PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.
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